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PART I: FRAME OF MIND 



Some people become afraid when a >?700 amplifier refuses to v;ork 
properly. Other people become angry. Neither of these attitudes solves 
the problem with the amplifier. People who are afraid hesitate to 
look very far for the problem; people who are angry are likely to in- 
crease the damage by ignoring standards of reasonable care in their 
repair efforts, and in extreme cases v/ill even throw things around. 

(This last problem occurs infrequently with DC-300' s: they ‘are too 

heavy to be thrown very often or very far.) 

Both fear and anger in this case result from too little know- 
ledge. Anything that is not understood is to be feared or beaten. 
Ordinarily this lack of knowledge only causes mild cases of agitation 
and inconvenience, but a large amount of money invested (I 7 OO) can 
magnify slight cases of upset into rampaging attacks. Enough informa- 
tion in an available form will go miles and miles towards a neac cable 
and effective service operation. No one knows how far this manual 
will go in that direction. 

It seems reasonable to believe that a large and expensive ampli- 
fier should have huge, mind-boggling troubles, not to be compared 
with those encountered by, say, a six— transistor radio, or an electric 
toothbrush. Therefore, when DC-300 amplifiers have problems, those 
problems must range from very bad to terrible. Intuition fails 
because most DC-300 troubles can be traced and eliminated with a 
very reasonable supply of knov/ledge and time. (The equipment needed 
to do this properly is a different bag of pretzels; more will be said 
about this later on.) 

So relax. Do not be afraid. Do not be angry. And try to avoid 
going tc sleep while reading the rest of thin manual. 
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PART II: FAMILIARITY 



Almost anyone who looks often enough at the insides of DC-300' s 
will begin to feel reasonably confident servicing them. Familiarity, 
sooner or later, should breed confidence. This manual, sooner or 
later, should breed familiarity. Ideally it will produce a working 
acquaintance with both the electronic operation and the physical lay- 
out of the DC-300. Probably the single most helpful accomplishment in 
this process is the ability to match the schematic diagram with the 
actual circuit components. The amplifier is complicated enough to be 
puzzling until this is done, but once this familiarity is established, 
it becomes much easier to translate suspected problems into checkout 
procedures. The instruction manual for the amplifier is worth reading 
thoroughly. Knowing how and why the DC-300 is supposed to operate, 
and the kind of treatment it wants, will contribute measurably to 
understanding the problems which it may encounter. 
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PART III: 



ecjt?hi:::t 



It has been hinted above that the equipment needs for servicing 
DC-300* s are considerable. It was a pretty good hint, as the listings 
below will demonst rate. Depending upv:jn how much equipment the service 
shop already has available, the process of obtaining the rest lies 
someplace between a major and minor hassle. Some of the test gear 
which is difficult or impossible to obtain commercially will be sold in 
limited supply by CROV/N. 

There is a loophole in these equipment needs, however. A good 
percentage of problems irx the past have fallen into a single area, 
and can be handled with a smaller supply of equipment. But (herein 
lies the rub) factory specs cannot be guaranteed after repair v/ithcut 
a checkout involving the full range of equipment specified below. 

(This is the major reason v.'hy most service work has been done at the 
factory until this point.) Most of the actual troubleshooting, as 
will become clear later on, can be done with an oscilloscope , an 
ohmmcter, a voltmeter, and a signal generator. Generally the best 
service procedure requires going as far as possible (depending on 
the equipment available) along the steps described in the section on 
service techniques. Any problems v/hich cannot be solved should then 
be referred to the factory. 
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EQUIPiMS:iT LIST 



Equipment 


Reauirements 


Uses 


DUggested Model & Price 


Oscillocsope 


Capable of dis- 
playing a 10 
r.agahertz signal 


'lonitoring out- 
Dut during 
service and test- 
ing of amnlifier 


Tel equipment SS4 a 
(S450) 


VOM 


Low-voltage 
resistance 
probe (lOOmv 
range) Higher 
/oltage resis- 
tance probe 
Cl*5 volt range) 


Lheck resistance 
values (low- volt- 
age probe) check 
semiconductor 
junctions for 
rpens or shorts 
(higher- volt age 
probe) Check DC 
operating volt- 
ages of amnlifier 


Triplett 601 v includes 
both voltages needed) 
((» 160 ) 


Signal 

Generator 


Dine/ square wave 
availabi e t Fla t i 

frequency re- 
sponce 


Provide test sig- 
lals for service 
and checkout 
(including lOKHZ 
and 20KHZsine| 


.v'avetek I 30 series 

C-Sloo; 


Wattmeter 


Read with rea- 
sonable accuracy 
at 20W without 
rutting into 
voltage at high 
rower levels. 


Lheck pov/er con- 
sumption of amp 


Simpson 390 (panel 

meter- 1379 ) 


Power suppl;' 


+60 volts avail- 
able j current 
limits to 125 ma; 
Tieters reason- 
ably accurate 
at 50 ma 


Preliminary check 
Dut of fuse-blow- 
ing amnlifiers — 
to prevent de- 
struction of more 
aarts 


Plambda LPD 423 FM 

^ (S 325 ) 


Ci rcuit 
Breaker 


I5amp rating 


In the AC line to 
the DC-3C0— pro- 
tect other cir- 
:uitry from over- 
load if power 
supply has 
shorted 




AC Line 
Monitor 


Peak reading 
neter 


ionitor line 
/■oltage for 
amplifier test- 
ing. 


Available from CRO’Ji'i 
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Equipment 






Crises tod ?;ocel 1 Pric-*- 


Variac 




Keep lire volt- 
age at 120v 
during tests. 


Superior rov/erstat 1163 

( ''A3) 

or eoui valent 


AC Volt- 
meter 


lOOmv low range 


Set output lev- 
el for testing 
check noise lev- 
els 


Hewlett-Packard nOOF 
(S300) 


Filter 


20-20KHZ band- 
pass low- 
noise 


Between amp and 
voltmeter in 
noise test 


Available from CK0’.;i< 


Inter- 

Modulation 

Distortion 

Analyzer 


1 


Check inter- , 

modulation 
distortion 
from I90v/-15mw 


Available fi-om CKO'.H; 
(^595) 


Dummy Load 


2— 4-dOhm; able 
to dissipate 
500 watts with- 
out strain; lese 
than lO^j reactive 
component at any 
frequency up to 
five times the 
highest test 
frequency 
(3 X 100KHZ= 
3 OOKRZ) 


Check amplifier 
performance un- 
der load 


Available from CDOwH 

1 



Additional Useful Equipment 

AC-DC Calibrator : The meters recommended should stay in calibration 

with only periodic checks (every 6 months). But if this quality 
equipment is unavailable, and lower quality test instruments are used, 
the instruments should be checked frequently (whenever significant 
measurements have to be made) for calibration. Unfortunately, there 
is no cheap or easy way to do this. A good AC-DC Calibrator is 
expensive. The Hewlett-Packard 69203, for instance, costs a cool 
700 clams. The desired result, then, can be obtained either by 
purchasing expensive equipment that can be calibrated and trusted to 
stay in calibration over a period of time, or by purchasing an 
expensive calibrator to make possible the frequent calibration 
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necessary on less dependable equipment. The overall point is that is | 

is important to know the accuracy and dependability of test measure- 
ments, so that the performance of the amplifier can be accurately 
evaluated. 

Curve Tracer/Trar-siotor Checker: Sometimes it becomes important in 

servicing electronic equipment to evaluate individual semiconductor j 

performance. This may help determine reasons for particular kinds 
of failure, and may as well be helpful in selecting replacement com- 
ponents for damaged parts. Ideally, a curve tracer such as the ( 

Tektronics 57^ should be obtained, but the cost of this instrument 

i 

is S 225 O. If something like a Tektronics 5^1 scope is available, a j 

plug-in unit can perform this function — at a modest cost of 5 OO bills. 

All of this, \>^hile potentially valuable (obviously for more than just t" 

CROV/N servicing) , is also clearly expensive. A less expensive route 
would be an investment in a transistor checker. This kind of equip- 
ment can provide much useful information and save much useful money. ^ 

Heathkit produces one of the best of these for around i>60. SECO, ^ 

Sencore and B K also produce models. The use of this equipment i 

represents a refinement of service technique that may or may not 
be worthwhile, depending on the amount and kinds of service performed 
by the individual shop. 
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PAKT IV; BLOOD SV.TAT AND THE 
SMELL OF BUHMT PARTS 



A. Illustrations Explained 

A collection of illustrations » diagrams, and lists at the end 
of this manual serves first to locate and identify individual parts, 
^n^e circuit layouts and chassis pictures ( fig. 1~9 ) show the 

positions of the components along v/lth their identifying numbers. 

The schematic diagram ( fig. ) describes the circuit 

electronically, and shows the identifying numbers corresponding to 
those on the circuit layouts and pictures. Also included on the 
schematic are the normal quiescent DC voltages for the circuit, 
which can be used as a checkout standard for defective amplifiers. 

changes in the circuit board have also been included, 
along with some wire color coding and indications of signal and 
feedback paths. 

The diagram of the test set-up ( fig. 11 ) showi the 

general array of equipment needed for complete service and checkout, 
with the connections between the pieces of equipment. Variations 
in the selection of equipment have been discussed above. A checkout 
sheet shov/ing typical results of a factory test is also included. 

The parts list (appen. B ) makes the process of obtaining 
replacement parts fairly easy. Indexed according to the identi- 
fying numbers on the schematic and layout illustrations, the list 
gives CROWI'I part numbers for easy replacement of parts. 

The final list includes the various major changes (appen C ) 
that have been made in fabrication and parts since the introduction 
of the amplifier. It should explain why all parts are not necessarilv 
identical in different units. The changes are listed by component 
numbers, and show the amplifier serial numbers involved. Changes 
besides these may be attributed to; (1) Factory errors v/hich do not 
happen very often according to our service records ^ and which v/e v/ish 
didh*t happen at all; (2) Customer modiiication and repair efforts 
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involving unusual imagination as well as unusual components; (3) 
Germlins (not to be confused with the kind you drive; these gremlins 
are impossible to describe and are absolutely unpredictable.) 

Besides the illustrations mentioned above, various others have 
been included with the related material in the text. 

B- General Service Procedure 

Pundamentally we are looking for an abnormal situation. V.Tien a 
problem has been observed, it is obvious that something is not doing 
v;hat it is expected to do. One part or several parts may be doing the 
bad v/ork, by shorting, opening up, burning up, leaking, exploding, or 
just finking out, but the point is that something is happening abnor- 
mally and we v/ant to source of the abnormality. The most efficient 
general method of finding the source involves a comparison betv/een 
the normal operating parameters (such as voltages) of the amplifier 
and the abnormal measurements of the defective amplifier. This 
reemphasizes the need for familiarity v;ith the amplifier and its 
normal operation. 

This sounds on the surface like a reasonably easy way to find 
problem sources. Under the surface it may turn into a can of worms. 
The trouble is that in most situations one bad part will cause 
abnormal performance by other components. A shorted transistor will 
v/reck the balance of the whole amplifier; an oscillation coming from 
a bad transistor junction will propagate through th:? entire circuit. 

So we have to distinguish betv/een parts that are actually causing 
problems, and parts that are only responding to abnormal conditions. 
This can become fairly involved; the manual hopes to keep the 
involvement orderly. 

Patience is worth seven dollars a minute. 

C. Checkout and Repair 

The service process divides into three areas within the time, 
a defective unit spends on the service bench: 

(1) The problem must be identified or discovered — this may be obvious, 
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or may be complicated by a lack of information about the defect. 

(2) The source of the problem must be discovered — this can be any- 
where from very easy to very frustrating. 

( 3 ) Repair work must be done to eliminate the problem — usually this 
is obvious when step 2 is completed- 

The following notes are likely to be useful at any point from 
here on in the service procedures: 

NOTE ON DISASSEIIBLY AliB REASSEMBLY 



Taking the DC-300 apart is not hard at all — but one recommendation is 
in order; the front panel should be completely removed from the unit 
and put in a safe spot until it is replaced on the unit. Any*kind of 
tool steel or other hard metal can scratch the face of the aluminum 
panel and it is best to handle it carefully. 

The extrusion fitting over the lower edge of the front panel comes 
off first, by removing three screws on the bottom front of the unit. 
Before the panel is removed it makes sense to unplug the amp to avoid 
accidents. The level controls should be disengaged from the panel. 

The knobs can be loosened with a hex driver or an alien wrench and the 
pot loosened with a nut-driver. It is possible to work with the 
pots still mounted on the loosened panel, in which case the panel 
is connected to the chassis only by the input level cables. But 
this procedure can result in broken input wiring and panel scratches, 
and it makes the unit generally inconvenient to move. V-’ith the level 
pots loosened (do not allow them to drop inside the amplifier) the 
panel can be removed by taking out the four mounting screws- The 
cap on the on-off switch should just lift off when the panel is re- 
moved. 

The means of removing the circuit boards and fuse panel are obvious- 
Two sheet metal screws mount each main board to its heat sink, and two 
screv/s mount the fuse panel to the bottom of the chassis. V/henever 
the circuit boards are loosened and the unit is to be powered, use 
some sort of insulation (like a folded cloth) under the board to be 
sure it cannot be shorted to the chassis. 
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In reassembly, be careful to line up the tabs on the level control 
pots as v;ell as possible with the small holes in the panel. Continue 
to be careful with tie panel. (.The screwdriver used to mount the panel 

probably try to jump out of its slot and skip across the panel — 
watch for this.) Make sure the lens cap on the indicator light fits 
over the indicator bulb and does not crush the bulb or bend it out 
of the way. 

NOTE ON VISUAL INSPECTION 

Detailed visual inspection is worth doing for almost all problems. 
Wires soldered well enough to pass the original factory checkout may 
later v/ork loose and cause difficulties. Suspicious wires should be 
pulled gently to make sure they are securely fastened. Transistor 
leads in particular and all component leads in general can suffer 
the same problem of loosening, causing oscillation, noises and DC 
imbalance. A visual check may also reveal parts which have been 
badly damaged by heat or high power and at least part of the service 
problem will become immediately apparent. It is probably understood 
already that any wire or lead which chooses to come loose will do so 
in the darkest and most inaccessable corner of the amplifier. 

(Murphy’s Law) 

1. Establishing Problems 

The complaints accompanying defective amplifiers nay be less than 
crystal clear and classic in their simplicity. They may in fact be 
ambiguous and misleading. Furthermore, it is not necessarily true 
that every amplifier returned for service actually has something 
wrong with it. Problems which arise from the systems in which the 
amplifiers are used may be blamed on the amplifiers. First we want 
to know exactly what, i.-’’ anything, the amplifier is doing wrong (this 
is known as the CKCWN Principle ’’Commence Pepair Only Vfnen Necessary") 

It is usually much better to get the complaint(s) from the 
customer's ov/n personal mouth than it is to try comprehending his 
written complaints. A first hand account of the problem can help in: 

(1) getting the problem to recur on the service bench, and (2) getting 
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an idea of the probable causes of the difficulty. Some problems are 
too much to miss — like blovm fuses, shattered parts, and the lingering 
aroma of burnt components, but in case the problem is not so easy to 
find, it may be helpful to know: 

1) Exactly v;hat was the problem? Rov/ was it noticeable? v^nich 
channel(s) caused the trouble? 

2) V/hat are the details of the system in which the amplifier was 
operating? Has the system been carefully checked for possible 
problems outside the amplifier? 

3) What kind of signal and load were involved? (This may indicate 
a component failure under high voltages or current) 

4) How long had the amplifier been in operation when the failure 
occurred, b’as it v/armer than usual? 

5) Did the problem occur once, or repeatedly? If it happened more 
than once, v;ere the circumstances the same for all occurances? 

Depending on the type of problem, these questions may or may not prove 
useful; they are designed to get as much information about the occur- 
rance ci the problem as possible. 

If the customer turns out to be unavailable or unhelpful ahd the 
problem is not obvicus: 

1) Begin the regular checkout as detailed below. 

2) If the unit passes all the tests with no problems, open up the 
unit and go tlirough the visual inspection. 

3) If the visual inspection turns up no problems, apply a signal 
to the amplifier and begin checking the circuit board com- 
ponents by tapping on them gently, and by heating and cooling 
them. Transistors and diodes are most likely to cause problems 
under this test if they have been causing problems before. 
Precision i-csistors may also show up as baa. If none of 

this seems to affect the output significantly, the last hope 
is to use the amplifier normally for awhile and see if the 
customer's problem shows up. 



2- Finding and Eliminating Problem Sources 



procedure. 



section 13 oiganioed on the basis of the factory checkout 
The common service problems appear und ?r the parts of the 
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checkout procedure where they are likely to shov; up. An attempt ha 5 
been made to keep the details to a minimum and to cover the major 
service problems adequately. (Murphy's Law plainly says that no such 
service manual exists--so that may have been fan too much to dream 
about. ) 

The notes that are casually strewn about the manual are not as 
random as they seem. At least they are not supposed to be. The pur- 
pose has been to add them at the points where they would most likely 
find application. And now here are tv/o notes to begin the parade: 

NOTE ON LOADING: The amplifier should not ordinarly be operated with 

a load until it is performing properly unloaded. If there is some- 
thing seriously wrong with the amplifier, the load will only com- 
pound problems by blowing fuses and perhaps damaging components by 
drav/ing high current. (The current limit suggested for the limited 
supply Will not allow it to drive an eight ohm load.) 

NOTE ON OHI‘II’'!ETER TESTS: The equipment list specifies that two different 

test voltages should be available on the ohmmeter (or two different 
ohmmeters). Checking semiconductors can be done with the usual 1.5 
volt probe. On the R X 1 scale, the normal forward breakdov;n 
resistance for semiconductor junctions will usually fall in the 
5 -I 5 ohms range - 

In cases where it is desirable to check components without for- 
ward biasing any junctions (such as the checking resistor values v;ith- 
out removing them from the circuit), the lov/ voltage probe should be 
used (this will be in the range of lOOrav.) 

In any case, the effect of parallel resistance paths has to be 
considered in deciding v/hether or not a test reading is what should 
be expected. The simplest procedure for establishing the proper 
value for any reading is a comparison with the same reading under the 
same conditions on a properly functioning channel. If only one chan- 
nel in an amplifier is causing trouble, use the other channel for 
comparison v/hen taking resistance readings. In case both channels 
are bad, compare the readings with those on the good amplifier. 



{ 
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This comparison technique will become less and less necessary as more 
units are serviced and the normal resistance values become familiar. 
Some of the usual values are included in the following service infor- 
mation, but in order to avoid the barrage of numbers necessary to 
cover all possible measurements, the comparison method had been sug- 
gested. 

The approximate values for transistor resistance measurements 
appear below. Large resistance means there v/ill be little or no in- 
dication on the R X 1 ohms scale. These values apply to a transistor 
by itself outside the circuit. The base-emitter and base-collector 
readings in a given transistor should match within an ohm or two. 

In an actual test the first lead in the listing below takes the posi- 
tive meter probe for an LTN transistor. For a PI>IP the first lead of 
each pair takes the negative probe. 

Base-emitter ohms 

Emitter-base Large 
Base-collector 5-15 ohms 
Collector-base Large 
Collector-emitter Large 
Emitter-collector Large 

Diodes should show about 5“15 ohms forward resistance and large reverse 
resistance. 

It is important as well to be familiar with the ohmmeter(s) being 
used. All models do not operate with the same conventions. Fcr 
example, some make the posit iv 3 lead common, others the negative. It 
is obviously important to be aware of this when trying to decide 
whether the forward or reverse resistance of a junction is being read. 
Some meters also use a nine volt test voltage on high resistance 
scales. This voltage can forward bias enough junctions in a solid 
state circuit to cause avalanche confusion. So be sure the test 
voltage is known for the scale used. 

CHECKOUT PROCEDITRE ^1: TURN-ON 

NOTE ON LINE VOLTAGE: Use the proper line voltage, which is the one 

for which the transformer primary of the amplifier, is connected. The 
voltage should be measured throughout the testing v;ith a peak reading 
meter and adjusted to the RMS equivalent voltage (to compensate for 
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line voltage regulation errors during the course of the measurement). 
All measurements should be taken at the power amplifier’s plug. bTierx 
testing the IHF music-power measurements, the line voltage is to be 
set at 120V v/hen the amplifier is connected to 117V, (III?' standards). 

If the amp is connected otherwise, the equivalent test may be given by 
applying 128 volts on 125V, 240V on 254V, or 25oV on 250V, 

NOTE ON TEST EQUIPMENT GROUNDING: V.Tienever possible avoid ground loops 

in the test equipment caused by connecting the output ground to the 
input ground. Never connect the ground of the caole going to the load 
back to the input ground. 

Ground loops are especially obnoxious when measuring distortion. 
An IM analyzer, for example, has its input and output terminals tied 
to common ground. Such a test should use an ungrounded output re- 
turn, v;ith the output lead wrapped around the well-shielded and 
grounded input cable. 

Plug in the amplifier (no load and no signal). Turn it on. 

The line fuse (center of fu'se rack) and the indicator light should 
stay whole and light up respectively. If these things do not happen, 
we are already losing. 



CHECKOUT PROCEDURE : TURN-ON 



S.ymptom 


Possiole (Jauses 


Eervice Froceciure 


AC fuse 
blown 


wrong size fuse, 
wrong line volt- 
age, etc. 


Try another fuse, to make sure the first 
did not blow due to problems outside the 
amplifier. 




oinched wires in 
power supply 


1 Go through a visual check of the power 
supply v/iring (see power supply 
schematic at bottom of overall 
schematic fic^. 1C Also ■oictui'e 


j 


short in power 
cord or trans- 
former primary 


Use ohmmeter to check power cord for hot- 
to-ground short (with sv/itch "on" con- 
tacts of plug should show about .55 ohm 
resistance. This is the transformer 
primary resistance. It should not be 
Zero) 




misv/iring of 

transformer 

primary 


Check transformer primary wiring accord- 
ing to the color code on the schetnatic. 
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SyniT)tom 



Service Procedure 



AC fuse 
blov/n 



IShort in 
Irectifier 



short in capaci- 
tors C2 or C3 
(very rare event) 



AC power bulb leads un- 
okay bub soldered or P6 

indicator unsoldered 
light does 
not come 
on 

Bulb Defective 

Fi’se okay switch failure 
bub no 

power Defective 

thermal switch 



Use ohmrneter to check forward and re- 
verse resistances of rectifier diodes 
CRl, CR2, CR3, CR^. 

NOTE : Through unit numbers Al?88 the 

rectifier was composed of power diodes 
press-fitted into aluminum bars, which 
were in turn epoxied to a plate on the 
top panel of the amp. The arrangement 
has been replaced by a one piece recti- 
fier bridge, mounted by a single screvi 
and using slide-on contacts. If a recti- 
fier diode has failed in either case, 
the handiest replacement is one of the 
nev/ one-piece rectifiers (order from 
parts list along with 4 clips for the 
leads) 

Use ohmrneter to check resistance across 
capacitor terminals; since the rectifiei 
diodes run across these terminals, the 
resulting measurements should be large 
in one direction and low in the other. 

Check 120 Volt supply board ( fig.A-9 ) 
for unsoldered bulb or resistor (F;6) 
leads. 



Replace 

Use ohmrneter to check making and break- 
ing of switch contacts. 

Check thermal sv/itches with an ohmrneter; 
normally they should show no resistance 
acioss the contacts (they should only 
open v/hen heated). 



CHECKOUT PROCEDURE ?/2: 1 KHZ SIC-iJAL - NO LOAD 



The AC power should be okay according to the fuse and indicator 
light. Connect a signal generator set at 1 KHZ to the input. Begin 
monitoring the output v/ith an oscilloscope. Turn up each level control 
and observe the output. 

Biasing : This should be checked at this point or as soon as possib].e. 

An offset voltage or oscillation may change the level — so bias should be 
checked after these problems have been solved, if they exist. But if 



there are no major problems at this point (they should be visible on 
the scope if they are aroundy , the biasing should be done immediately. 

The front panel must be removed for the check. V/ith the ampli- 
fier turned on but no signal applied, measure the voltage across P12 t, 
the 5-6 ohm resistor mounted on the corner of the circuit board be- 
side the positive pre-driver. The voltage sho-uld be 0-325v + O.Ol^v. 

The measurement should be made before the amplifier -has v/armed up- 
immediately at turn-on, if possible. The graph belov/ demonstrates 
the behavior of this voltage with time, in an amplifier carrying no 
signal. The voltage begins to climb at turn-on, and, after peaking 
gradually drops back to the desired level. Unless the measurement is 
made at turn-on, or after the amplifier is thoroughly warmed up, it 
is likely to be misleading. 

It should also be pointed out that after an amplifier has been 
warmed up and then turned off, the bias appear low if it is turned on 
again within 10 minutes. After an amp has been turned off, either 
leave it off until it cools thoroughly, or else allow it to v/arm up 
thoroughly again before measuring the bias. 

The bias level v;ill not ordinarily need any adjustment unless 
components wnich affect the level (such as the Dias diodes or Q1 , Qlll, 
or Qll4)h ave to be replaced. V^hen a change is necessary, it is accomplish e 
by selecting the value of ?J2o in the string of bias diodes (CRI05- 
Ckl08). Raising the value of R126 increases the base voltage on the 
pre-driver stage of the amplifier, which turns the pre-driver on 
harder and increases the current through R132 (and RI38 on the negative 
side). In the reverse of this process lowering the value of R126 
will lcv;er the bias on the pre-driver and driver stages. Belov; is a 
short table which gives an idea cf the relationship between the size 
or. RI26 and the bias level. 7or the sake of the illustration v/e 
are assuming that RI26 — 75 ohms- All possible values are not included 
on the chart (in particular, larger resistances than 120 ohms are 
sometimes needed). 
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BIAS VOLTAGE ACROSS R132 - IN MILLIVOLTS 









Voltap;e error from 32 ^mv Resistor size in ohms 



+ 6 o mv 


51 ohms 


+45 


56 


+25 


62 


+10 


68 


0 


75 


-10 


82 


“25 


91 


-35 


100 


-45 


120 



If no output signal appears i\'hen the level control is turned up, 
check the DC fuses and continue in the procedure described belov/: 



SvnrDtcfa 



Possible Causes 



service Procedure 



Fuses in- 
itially 
blown 



Thousands of 
things 



Fuses Output transistors 

blow again ~horted (Q2,'^,Q5 
(no load) ^6) 

NOTE: This problem 
ias occured more 
frequently with 
some types of out- 
put transistors 
than v/ith others. 

In recent batches 
the problem has 
been lessened by a 
more rigoi'ous test- 
ing of the tran- 
sistors before 
they are used. As 
time goes on. this 
problem should oc- 
cur with decreasing 
frequency. 

NOTE: In this case 
and in those follov;- 
ing, something must 
short in both posi- 
tive and negative 
output circuitry to 
blow the fuses v;ith 
no load. If orxly 
one output, driver, 
cr diode shorts witt 
no load, the 
opposite polarit;> 



Replace blown fuses and try again, 



./AECIEG : Do not insert and blow DC 
fuses repeatedly. Once is enough 
to demonstrate that there is a 
real live proble.m. V/hen fuses blow, 
Ticoentary voltage surges may 
reverse-bias electrolytic capacitors 
T106, C112, and C6 and eventually 
destroy them. Units with shorted 
Dutput t:*'ansistors may have some 
cf these capacitors already de- 
stroyed by repeated attempts to 
get the amp going again with 
mere fuses. 

EXTEhhAL SUPPLY: It is at this point 
that the external supply should be used. 
Set the current limits to 12f-ma and the 
voltages to volts. Ground the supply 
to the amplifier (the output ground post 
is a convenient part) clip the +60 lead 
to one of the mounting sc rev/s of the 
positive driver transistor (Ql) and 
clip the negative lead to the top 
terminal on the terminal strip (the 
one v/ith the blue negative supply lead 
soldered to it.) 

The purpose of the external supply is 
to avoid blowing fuses and perhaps 
damaging parts (if a compon^int shorts 
and threatens to carry enough cur’^er.t 
to burn up something else.) If sn 
external supply is net available, oiieok 
the outnut circuitrv caref.illv for 



i? 





Syrnntom 



Possible Cn’ 



Fuses blovi components will turn off 
again (no blocking excess current 
load) and leaving the amp with 

a plus or minus 60 volts 
at the output. If a 
load is connected which 
shov/s a low DC resis- 
tance^ the current from 
the 60 volts DC v/ill 
kill the fuses. In op- 
eration, the surge 
occuring when one out- 
put transistor shorts 
under load may kill the 
weaker of the two output 
transistors of opposite 
polarity. For this 
reason, a damaged 
channel will often show 
one positive and one 
negative output shorted. 

Output transistors 
shorted Q5, Q5, q6). 



Service Procec 



shorts (as described below) with 
an ohmmeter, afte'^ doing repair 
work, to avoid doing more damage. 
It v/ould also be worthv/hile to 
substitute % amp fuses for the 
checkout (without lo?d) just 
after extensive repair wor-k. This 
will cut down the current surge 
in the event that something is 
still shorted. 



lllirii off the amp and use an ohnimeter 
to measure the resistance from the 
4^60 volt supplies to the output of 
the amplifier (Measur'^ from the con- 
tacts of power resistor R4 to the 
driver transistor mounting screv;s 
■ A-5 ) • Using the low voltage 

resistance probes on the R X 1 
scale, the normal resistance should 
be too large to cause any indication 
on the meter. 

V/ARiIIMG: The circuit may still have 
some charged capacitors v/hich v;ill 
cause an initial indication on the 
ohmmeter. These should discharge 
fairly quickly and allow the metei' 
to indicate a very large value, if 
nothing is damaged.) 

Shorted transistors (or a shorted 
flyback diode) will give a very low 
reading — from a fev; tenths of an 
ohm to a few ohms. 

To determine v;hether transistors oi- 
diodes are at fault dip one lead of 
the ohmmeter to the driver mounting 
screw of the supply being tested; 
apply the other lead to the output 
transistor emitter leads in turn. 

If both readings are the same, then 






Possible Causes 



Fuses blo’A Output transistors 
again (no short ed(^Q2, Q3, Q5, q 6) 
Load) 



Service Procedure 

the flyback diode is shorted. If 
the readings differ by 0.^ ohms, 
then the output transistor showing 
the lower resistance reading is 
the shorted one (the 0.4 ohm dif- 
ference comes from the sensing 
resistors R4a+b or R4d+e). 

Replacing output transistors: If 
output transistors are shorted and 
need replacing, the following points 
should be followed: 

(1) Replacement transistors should be 
of the same make and color code as 
those removed. The color coding is 
done at the CRO'Jh factory and insures 
that the paralleled outputs will 
share the load equally b^/ keeping 
the Vbe values closely matched. 

The testing is done on the curve 
tracer v/ith the follov;ing con- 
ditions: 

Vce-4 volts Ic=:3 amps 

Vbe Group Color 

.8-.99v a Red 

1.0- 1.19v 3 Orange 

1.2-1. 39v C Yellov/ 

1.4-1.39-v D Blue 

1.6-1.79V 3 Violet 

1.8-1 .99'’ F 'fthi te 

2.0- 2. 19v 0 Green 

2.2v — Releot 

L - 1 L, ^ 

A,F, and G are rare groups- E,F, 
and G should only be used for 
positive outputs. A,3,C, and D 
can be used for positive or nega- 
tive outputs. Unless matched 
transistors are used the load will 
T)Ot be equally shared and the 
member of the pair forc*^d to carry 
the larger share of the load v/ill 
eventually give up the ghost: 
maybe sooner, maybe later. 

(2) Be careiul to include all in- 
sulating maze rials from the origi- 
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SymDtoms 



Possible Causes 



Service Procedure 



Fuses blov; Output transistors 
(no Load) shorted^Q2, Q3, Q5t 



Diodes CP? and CP8 
shorted (rare event) 



Driver transistors 
Q1 and/or Q4 
shorted (very rare 
event ) 



nal transistors on the replace . 
ments. These may include insula- 
tion on mounting scre\>^s, insula- 
tion around emitter and base leads, 
insulating v/ashers on mounting 
screws, a large nylon insulator 
covering the holes for the mount- 
ing screi>/s and the transistor 
leads or an insulating washer be- 
tween the transistor case and the 
heat sink. (On some units, enumerated 
in the change list, the heat siriks 
have been coated with an insulating 
film, removing the need for the 
insulating washers that v/ere for- 
merly used under the transistor 
cases.) 

(3) Be sure the transistors re- 
placed are adequately heat-sirlced by 
using a good heat conducting com- 
pound (such as Dow-Corning 3^0) on 
the transistor case where it fits 
against the heat sink, and by 
tightening down all mounting 
screws evenly. 

(4) Be sure all base and emitter 
leads are securely soldered when 
new transistors are mounted. These 
leads are in a fairly inaccessible 
place, and soldering is a nuisance. 
The leads also may have an oxide 
coating v/hich keeps them from taking 
solder easily. 

As described above the resistance 
across the output transistors will 
show a low value — from a few tenths 
of an ohm to several ohms (shorted 
diodes have shown up to ten ohms) 

If the outputs have been eliminated 
as culprits by the test outlined 
above, unsolder cne end of each of 
the suspected diodes and check 
their reverse resistance with an 
ohmmeter. It should be high enough 
to cause no deflection on the K X 1 
resistance scale. Otherwise, replace 
the diode. 

The test of the outputs should shot; 
about 5-6 ohms. Uh-en it has been 
established that this is not due to 
a shorted diode, check the resistance 
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■mi ^ 



S^/TTiptoms 



Possible Causes 



Fuses blov 
no load 



Driver transistors 
Q1 and/or Q4 
shorted (very rare 
event) 



Service Procedure 

directly across the collector- 
emitter leads of the driver tran- 
sistors with the ohmmeter. If this 
shows lo\/ resistance or a short 
(still using the lov/ voltage probe), 
unsolder the driver leads and check 
again. If the short remains, replace 
the driver(s). If the short goes 
away with the leads unsoldered, check 
the base-collector junctions of the 
outputs. 



Pre-driver tran- 
sistors shorted 



(Qlll and qilk) 



Supply shorted to 
ground (usually 
only one supply will 
be shorted so only 
one fuse should 
blow) 



Both of these are not likely to short 
at once. If they do, drivers and 
outputs are also likely to be 
shorted. At any rate, a measurement 
across the collector-emitter leads 
with the low voltage ohmmeter should 
show a very high reading if the 
transistors are okay. A low reading 
indicates a shorted pre-driver or 
a shorted base-collector junction 
in the driver. The second of these 
possibilities is less likely. 

Check supply- to-ground resistance 
on the R X 1 ohms scale, h’ormally 
this should not cause a deflection, 
(with the fuses out) If there is 
a measurable resistance then some- 
thing is conducting to ground. 

Trace the shorted DC supply line 
from the outputs back toward the 
input of the amplifier. Isolate 
the problem by disconnecting wires 
in succession. 



EXAMPLE; The +60v line in Ch2 shows 
a short to ground. Disconnect the 
red -+ 60 v lead between the output 
transistors and the circuit board. 
Continue the search on the side cf 
this connection where the short -still 
appears. 

NOTE: Capacitors C106, C112 and C6 
on the j^ 60 v supplies are damaged 
sometimes by power surges when 
fuses blov;, as mentioned above. 

These are likely candidates as scurces 
of shorted _i_ 60 v supplies. 
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At this point in the repair process the amplifier should be cap- 
able of sitting quietly with no load or signal and keeping all of its 
fuses intact- The next step is to discover if the unit will pro- 
perly amplify a sine v;ave. Turn up the level control (with the signal 
source and output monitor plugged in) and observe the results at the 
output- The waveform should appear undistorted at all amplitudes 
until it clips- Clipping should be sharp with no ringing or other 
oscillation. If any of this is not truc^, check the following service 
chart - 



S^Tnotoms 
Continuous 
DC voltage 
at output 



Possible Causes 

Shorted transistors 
or diodes in output 
circuitry 



Bad connections 



Shorted or open 
components in the 
innut stages. 

^20v zener supplies 



Service Procedure 

Use the procedure described above 
for the situation v/here both sides 
of the output are shorted. If the 
offset is positive — check the posi- 
tive side, if negative — check the 
negative side. 

Visually inspect for loose wires 
and loose transistor leads, especi- 
ally on the circuit board. 

As a general procedure use a volt- 
meter to compare voltage readings 
around the circuit with those given 
on the schematic. Beginning at the 
input, move stage c;/’ stage through 
the amp trying to account for any 
large deviations from the suggested 
quiescent voltage levels. As v/as 
emphasized earlier, look for ab- 
normal situations and determine 
whether or not components are 
actually bad or v/hether they are 
only responding to an abnormal sit- 
uation created by a problem else- 
where. 

(The components most often having 
problems here are Q 102 -Q 109 and 
CPIOI-CPIO^^.) 

Check the j^20v levels with a volt- 
meter — they should generally be 
within a volt or two of this desig- 
nated value. (Older units may he a 
fev/ volts lower, due to the use of 
other zener diodes. ) If one sunply 
is lov;, try tc determine v/hei'e the 
current to that supply is going: 
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Symptoms 



Possible Causes 



Continuou 
DC voltag^ 
at output 



Shorted or open com- 
ponents in the input 
stages- +20v zener 
supplies 



Service Procedure 

,lj The zener vCKlO^ or CR104; may 
be defective and unable to hold the 
voltage- 

(2) Occasionally Clll and CIO 5 
have been mounted backv/ar.ds. In this 
case they are liable to break dov:n 
eventually (and unpredictably) and 
short one of the zenerec suppliers 
to ground. Use l-5v ohmmeter to 
check the forward and reverse junc- 
tion resistance of the diode in 
question. This will ordinarily 
tell if there is anything wrong 
with th<^ diode. It should show 
normal forward breakdown resistance 
and large reverse resistance while 
still in the circuit. If an ab- 
normal reading shows up, pull one 
end loose from the circuit board 
and measure again to be sure the 
problem is not in the parallel 1 
mfd capacitor. 



Transistors 



Look at the voltages around the in- 
put stages. If the output is offset, 
these should be unbalanced with one 
side (Q 101 a-Q 105 or QlOlb, QIO 6 -QIO 9 ) 
conducting while the other side is 
turned off. ’The voltage check may 
reveal a bad component: (for ex- 
ample: it may show that there is a 
forward biased junction that is 
not conducting, or a transistor 
biased off but still conducting, etc 



Shorted or open If it is not clear from the voltage 

input transistors check that a component is bad, turn 

off the pov/er and us^ the ohmmeter 
(l-5v) to check individual tran- 
sistors and diodes for proper junc- 
tion resistances. Measurements 
significantly h' '’iier or lov/er than 
the normal values (taken from a 
good channel) indicate that the part 
should be replaced. 



The differential transistor (QlOla/b) 
almost never causes this kind -i 
trouble. 

Q102 and C109 are the next least 
likely to give trouble. 

Q1C3, C1C4, QiOb, ^1C7, dlC8 

cause most of the grici’ either by 




Syomotomfe I Possible Causes 



Continuous Chorted or open in- 
DC voltage put transistors 
at outouc 



Liraiter transistors 
(Q112 & Q113) 



Bias diodes (CR105i 
CRIO 8 ) 



Loose connections 



Input transistor 
junctions opening' up 
from heat 



^.rvice Procedure 



shorting or by having a junction 
open up. The bias diode (CRlOl/102 
double diode) may go out with CIO 6 
or with QI 07 or all by itself. This 
diode should shov/ 7 O- 8 O ohms for- 
v/ard resistance while in the circuit. 

Use an ohmmeter to check Q112 & 

Q113» If either of these becomes 
leaky, or is shorted, the bias to 
the pre-driver is interrupted and 
the output becomes unbalanced. 

Compare the resistance measurements 
with those taken from a good channel, 
NOTE; The forward resistance of the 
base-emitter and base-collector 
junction of the transistors beii*^^ 
used for Q112 varies from IO -50 ohms. 
Most of these v/ill be in the 13-30 
ohm range, but some which are good 
will be outside this- 

If one of the bias diodes opens up, 
creating runav;ay bias current, the 
output will be locked at the 60 
volt level. The diodes should be 
checked with an ohmmeter for proper 
junction resistance. CRI 05 is a 
germanium diode and will shov/ a 
lower forward resistance than the 
others. The double diode CRlG7/l03 
should shov,' about 100 ohms forv/ard 
resistance. 

V/ith the unit turned on, tap gently 
on components i^with some non-con- 
ducting piece of equipment that 
v/ill not cause sparks, short cir- 
cuits or bad feeling — like wood 
plastic, rubber or polyurethane, 
etc.), while observing the output. 

Look for a recurrance of the off- 
set. If it happens as a result of 
this mechanical shock the odds are 
good that the source is a loose lead. 

Again a visual check is v/orth doing — 
especially on the underside of :he 
board. 

V/ith the unit turned on, observe 
the output v/hile heating up tran- 
sistors ^ 103 , OlOh, Qi 07 ,;^ioS in 
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Symptoms 



Possible Causes 



Inter- Input transistor junctioj 
mittent DC opening up from heat 
voltage at 
output 



Oscillatior broken leads 
at the out- 
put with oi 
without 
signal 



iLoose connections 



{Defect ive components 



Service Procedure 



turn, v;ith a small solaering iron. 
If one of these transistors is 
causing the difficulty, the offset 
should appear and disappear v;ith 
alternate heating and cooling of 
the guilty transistor. 

Trace ground leads at input Jack , 
level control pot, circuit beard, 
protection switch and output 
terminals. 

Check wiring from board to heat sink 
for good solder joints at both ends 
(these wires sometimes break at the 
board or at the heat sinlc from flex- 
ing during removal and i-eplacement 
of the circuit board.) 

Follov; the procedure described 
above for locating parts causing 
offset voltages, tapping on the 
components and v/atching the output 
for changes. 

Heat and cool (with small soldering 
iron and circuit cooler spray) com- 
ponents while observing the oscilla- 
tion on the scope. Do this to the 
components on the board concentrat- 
ing on transistors, diodes, and 
precision resistors. Components 
which significantly affect the 
oscillation when treated this way 
may or may not be causing the os- 
cillation, but if one component 
seems to affect the oscillation more 
than any other, it should be the 
i first candidate for replacement. 

Check capacitors by paralleling 
them v/ith other capacitors of the 
same size. If this knocks out the 
oscillation, then the capacitor being 
checked may be open. 

Check ether components (such as 
diodes or resistors) by paralleling 
them with capacitors. This may 
help to narrow down the source of 
the problem by showing where the 
oscillation is developing, (of course 
oscillations can also be caused by 
this technique) 
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Synptonis Fossibl 

Distortion of Loose o 

signal at out 

put 



e causes 
onnections 



Service Froceuure 

Proceed as described above — r.ake 
visual check and tap on components. 
'<Vho knows v/hat you may find? 



Seniconductors 



Occasionally transistor or diode 
junctions will break down at a 
certain level of operation, causing 
v/eird and generally unpredictable 
distortion in the output signal. 
Resistance measurements and DC 
levels should not be affected, so 
the source of the trouble may be 
very difficult to detect. A scope 
probe may be some help in locating 
the difficulty — also luck. 



Output un- Internal contacts 

stable v;hen of level pot dirty 

level pot is 
adjusted 



Temporary relief can be had by 
turning the pot back and forth re- 
peatedly to allow the contacts to 
clean themselves. Permanent relief 
demands a new pot. 



Positive 120 volt bootstrap 

half of out- supply defective 

put does 

not reach 

full amplitude 

and shov/s 

ringing 



If only one channel shows the 
problem, check the connections at 
the ends of the 120 volt wire 
(yellov;) to that board. 

Check the components ( esp Q112 and 
CR109) of the 120 volt bootstrap 
circuit on the board v/ith an ohm- 
meter. 

If both channels are lov/, check the 
120 volt supply board ( fi^, 9 ): 

Check all solder joints; check 
diodes CR5 and CR 6 for proper 
resistance; check Cl & C4 with an 
ohmmeter for shorts or leakage. . 



CHECKOUT PROCEDURE jly, IKHZ SIGLAL— WITH LOAD 

At this point the amplifier should perform acceptably with no 
load. Meaning that it should turn on normally v/ith no damage to 
fuses Ox- personnel, anu it should properly amplify a IKHZ sine wave 
v/ithout folding, bending, spindling, or mutilating it. Host of the 
common service problems will have been encountered by the time this 
test comes up. Depending of course upon individual luck and cir- 
cumstances, the rest of the checkout should go easily. 

For this and succeeding steps in the checkout, the follov/ing 
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NOTES SHOULD BE FOLLOVffiD; 

NOTE ON LOAD: The load should be resistive, having less than 10 /j 

reactive component at any frequency up to five times the highest 
test frequency. The resistor should be capable of continuously dis- 
sipating the full output of the amplifier v/hile maintaining its 
resistance within 1 % of its rated value. The load should employ 
only high-current connectors (if any) and be connected to the bind- 
ing-post output terminals. All output measurements should be 
taken at the amplifier output terminals, and not anywhere along the 
output cable through which the load current is flowing. 

A dummy load v/ith these characteristics is available from CLOV/N, 
as mentioned in the section on equipment. 

NOTE ON VOLTAGE MEASUREI^ISMT : Accuracy in measuring voltages for com- 
puting v/attage is critical. For example, a 25 ^ voltage error together 
with a 1 % resistance error can result in an error of 10 watts power 
into 8 ohms. 

If the bias level has been properly set (see pp. 13-16 ) , 
the amplifier now qualifies for checkout under load. 

1) Connect an 8 ohm load to the output 

2) Monitor the output with an oscilloscope and an accurate AC volt- 
meter 

3) Connect a sine wave oscillator set at 1 KIG (+10db out) to the 
input 

4) Turn up the level control of the channel under test 

The output must clip at over I 50 watts. Tj^pically the clip 
point is 190 v/atts (39 volts) or above, with the AC line at 120 volts. 
The waveform should be clean, and should clip evenly and symmetrically 
with no ringing. 

This test does not usually turn up problems that have not been 
seen before. If any do show up here, a likely source would be the 
output stages, since this is the first test where these stages are 
actually put to work. 

For example, an oscillation occuring only v/ith the load connected 



27 




may result from a defective capacitor on the output terminals. (C5) 

In general, however, problems which occur in this stage of the testing 
also occur with no load. 

CHECKOUT PROCICDTOS PROTECTIOr: CH?CUITRY (Four and two ohms) 

This step tests the amplifier response to k ohm and 2 ohm loads. 
The level of the signal should be set at I5O watts or 3^-6 volts 
(into 8 ohms). 

Switch the load to 4 ohms while observing the output. The 4 ohm 
load should not affect the shape or amplitude of the output waveform. 
The amplifier is designed to handle a 4 ohm load. If 5A fuses are in 
the DC supplies, they will depart if the test is sustained for several 
seconds, so do this reasonably quickly. 

The limiter test comes next. Be sure the protection switch is 
in the "N" (normal) position. Momentarily switch the output to the 2 
ohm load. The signal should clip somewhere in the range of 5-13 volts, 
positive and negative, and should remain reasonably symmetrical 
about zero. 

Throw the protection switch to the "H" (hysteresis) position and 
again apply the 2 ohm load for a moment (holding in the 2 ohm load for 
more than a fev; seconds will also blow fuses; doing the test quickly 
gives the essential information needed and saves fuses.) The clipping 
should now occur in the 15-30 volt range. The clipped waveform should 
appear as ( fir, ovoosite ) differing only in amplitude for the normal 
and hysteresis nodes. 

When the test is done, reset the protection sv;itch to the normal 
position. 



Symptoms 


Possible C :uses 


Service ?"oc enure 


Signal clips i 
on 4 ohm load 


bad connection on 
protection switch 


Inspect sv/itch SVj- 2, using an chm- 
meter to be sure the contacts are 
making and breaking properly. 






Visually inspect the switch for a 
bad ground. 


Positive 
signal will 
not clip on 
2 ohm load 


Bad connection in 
positive limiter 
circuit. 


Visually check solder connections 
and v/iring on: C^112, CPdl 0,2127, 
PI28, ra33» M34, P4d, P4e, SW-2. 
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2 . 



PROTECTION CLIPPING 



2 Ohm Load 






3. 20 KHZ SINE WAVE TEST 



To be acceptoble fhe waveform must show 
clipping at the peaks before it pulls in on the sides 
















S'-Tn-Dtoms 
Positive 
signal will 
not clip on 
2 ohm load 



Possible Causes 


Service P 


Failure of a 


Use an oh 


semiconductor 


and CRllO 




junctions 



rocedure 

Rime ter to check 
for shorted or 



Q112 

open 



Negative 
signal will 
not clip on 
2 ohm load 



Bad connection in 
negative limiter 
circuit 

Failure of a 
semiconductor 



Either 
positive or 
negative 
clips at the 
wrong level 
on 2 ohm 
(either H or 
H mode) 



Bad connection in 
limiter circuits 
or switch 



Visually check solder connections 
and wiring on: Qllpi CRlll, CF112, 
R129, R130, H133i SW-2. 

Use an ohrameter to check Qllpi CRlll 
and CR112 for shorted or open 
junctions. 

Check connections as described 
above. 



CHECKOUT PROCEDURE 20 KKS 3 1:2 



:po:ij 



Set the oscillator at 20 ?CHZ. Turn up the level control until 
clipping occurs. The output into 8 ohms should clip at over I 3 O watts. 
A typical value is in the I 8 O-I 9 O watt range. 

Two points should be made about this test: 

1) The output must clip before it distorts in another v;ay. For in- 

stance, if the limiter transistors are too sensitive, or the output 
transistors are too slow, the waveform will begin to pull in on the 
leading half of the positive and/or negative signals, befoie it clips 
on either end: The resulting v/avefoi-m appears as in ^ig.oppp^^rte^pp 

The dotted line waveform is unacceptable, ihe amplifier is pei- 
forming properly only if the output peak clips before any other dis- 
tortion takes place. 

2 ) This test should be made with the amplifier cold. As the tran- 
sistors involved get v;arm, they slov/ down. The limiters turn on more 
readily and the problem noted above gets v/orse- 

This test has not created any significant amount of trouble on 
units returned to the factory for service, so it is not likely to be a 
problem source. Of the transistors used in the outputs, RCA units ?.ro 
the only ones chat have created problems by being slov/ to respond. 
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Earlier transistors used as outputs were faster but less dependable. 
With the slower RCA units, (and later, Westinghouse) , capacitors C115 
and Clio were increased from 5^-^^ to lOOIIF to compensate for the 
decreased speed of the transistors. 

CHECKOUT PROCEDURE ipG: 10 KHZ SQUARE V/AVE RESPORoE 



Supply the input v;ith a 10 KHZ square wave. V/ith the amplifier 
level control at maximum, adjust the square wave generator to give a 
ho volt peak-to-pe*^k square wave. The output should be clean and sharp 
for all settings of the level control. "Clean and sharp" means a rea- 
sonable facsimile of the waveform in fig, p pponit--^ -n j j 

This test is another v/hich is almost dull when doing service 
work. Once earlier probler.s have been handled, the 10 KHZ response 
usually follov;s meekly along. The official word here is that problems 
will not happen (until Murphy’s Lav; takes its course.) 



CHECKOUT PROCEDURE f/7: 



:-r:0DULATI0E DIETORTIOR 



The connections for the IH test are shov;n in fig, opr^p.^ite rc 
The IKA should be calibrated according t 6 the instruction in the IV A 
manual. The amplifier input level controls should be set to maximum for 
all distortion tests to assure repeatability of measurements. In 
making these tests it is important to know the residual distortion and 
noise levels of all test equipment, in i^rder to accurately evaluate 
the amplifier. 

The distortion is measured at ^db intervals from l^O v;atts output 
( 28.6 volts) to 15 millivolts. At all points the distoi-tion must be 
less than 0 . If - . 



ROTE Ci,' APiP GAIK: The o'.'tput signal should not vary significantly from 

28.6 volts as the channels are sv/itched. The gain of each channel is 
determined by Ifa precision resistors, so the two she uld shov/ the sa.me 
gain. If they do not, the most likely source of trouble is the feed- 
back loop. This problem, is very rare, however'. 

Problems v/hich occur in . the course of this test are very 
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of ten 




6 . 



NOISE 



TEST 



AC Voltmeter 
(lOO microvolt scale^ 



OH 



DC - 300 

Level controls at minimun 
inputs disconnected. 



SET-UP 






hard to trace. The larger and more obvious causes of trouble have been 
handled by this time and only the more subtle problems remain. The 
symptom of trouble, nafcually, is an abnormal IM reading. For comparison 
the table belov; gives the range of typical test results. There v/ill 
be some varation of these measurements from channel to channel and from 
amp to amp. But the variations should be reasonable close to the usual 
pattern shown in the list. Any reading above 0,05;j should be investi- 
gated, because ordinarily the distortion will not be this high (although 
this level is still only half of the specified maximum for the measure- 
ments) . 

Tvoical IM Distortion Test Beadings 

■ I ■ ■ ■ ■ — , ■ ■ ■■■■■■■■ ■ • 



150W 


.020 




.010 


15w 


.005 


4 . 75 v 


.COp 


1 . 5 v; 


.008 


473 f^v; 


.010 


150mv/ 


.015 


47 . 5 mw 


.015 


15mw 


.025 



Symotoms 


Possible Causes 


Corvice Procedui'o 


High IH 


High frequency j 


tv;o of the remedies for this 


reading 


oscillation | 


have already been incorporated int 
some of the amplifiers at the 

fcA'wtor^' . 

1) 47pf capacitors added across 21 
(1.5IC)(all amplifiers nov; being pr 
ducea have these added) 

2 ) .Olpf mica disc added across th 
positive zener diode CP104 (this 






has been added only to those amt-li 
fiers which showed the oscillation 
during checkout.) 

(The oscillation will not normally 
occur unless the front panel has 
been mounted.) 




Poor soldering 


Visually check all solder joints, 
especially around output and feed- 
back circuitry. 




Deteriorating 


The most likely culprits here are 




components 


precision res istors. The one v;hicr 
has cau'^ed the most grief is 1119 

(l87K-lf3) in the feedback circuit. 
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Symptoms 


Possible Causes 


Service Procedure 


High IN 
readings 

j 


Deteriorating 

components 


Others to check are Elio \.10K-1,T^; 
RII 5 (43K-film); PlOp £c Hill ( 36 K 
film) . 

Heat the contacts with a small 
soldering iron — then cool with 
spray coolant. Look for signif 
cant changes in the IM readings 
resulting from this process. 
Components v/hich do seem to 
affect the results significant! 
during this process are likely 
to be defective. 

Semiconductors or capacitors could 
also be causing high IM readings-- 
but this has been less frequently 
a problem. The semiconductors can 
also be checked by heating and cool- 
ing. The capacitors can be checked 
by paralleling them v;ith similar- 
sized capacitors. 



Cn^CKOUT PROCEDURE ,v'8: DC EALAE'CE OF OUTPUT 



For this step disconnect the inputs and turn the level controls to 
zero. Connect a DC voltmeter to each output in turn. The meter should 
ce sensitive enough to detect an imbalance of a fev/ millivolts. With 
the level pot at zero, set the output voltage to zero by adjusting the 
output balance pot on the circuit board. Then turn the pot to the 12 
o'clock position and zero the output again with the input balance pot. 
The voltage should then remain at zero for all settings of the level 
control. 

There has been only one consistent problem in this area with ser- 
vice units. Some differential transistors (QlOl) have become unbalanced 
after use, so that the balance pots do not give enough control to re- 
sto.ro the balance to zero. The solution is to replace the transistor. 

CHECKOUT PROCEDURE ?/9: 20-20 KHZ EPICS TEST 

Connect a sensitive AC voltmeter and filter (described in the 
equipment section of this manual) according to the diagram in 
fir. onnosite ng . 



i'or noise and hum measurements, al 



inputs sliould be disc on- 



10 KHZ SQUARE WAVE RESPONSE 







nected from the amplifier and the level controls set to rainimum or to 
maximum, preferably minimum. 

Never measure hum and noise when in the presence of strong 
magnetic fields. The amplifier should be at least 4 inches away from 
any large metallic objects or shield plates for a reading to be 
meaningful. 

(Depending upon the way in v;hich the different pieces of equip- 
ment are grounded together, it may be necessary.’’ to remove the output 
monitor jack from the channel not being tested in order to get an 
accurate noise measurement. Try this during the test to determine 
whether or not it has any significant effect on the noise reading.) 

Measure the noise level relative to 1^0 v/atts ( + 33dbv). The 
specification is lOOdb below I 50 v/alts. In practice, any reading 
that does not make llOdb or better should be checked. A typical 
value is around ll^db. 

Sources of problems with the noise figure are often like those 
of the IK distortion test — subtle and hard to track dowr , Bad solder 
joints, poorly made grounds and components v;ith bad contacts pre- 
dominate as causes. 



S;-T:^ptoms Fcssible C: 

High noise Bad souder 

level 




the defective channel to be sure 
all joints are securely mac.e. 



Poorly made grounds 



Check ground wires esoocially 
making sure they are well soldered. 
Check the output jack to rn.aue sure 
it is well grounded th.rougr. the 
lock w'asher inside the chassis. 

Check the insulating v/asher on the 
input jacks to be sure they are 
properly in place. 

Check the lug holding the cables 
in place on the level co»"trol pot 
to be sure it is not touching the 
ground leads of the cables or ground 
terminal of the pot. 



Defective cemro rents 



Th e d i f f e 1 ‘cn t i a 1 t rans i s ^ r wllOl ) 
c c c as io nai ] y v;i 11 become no 1 sy r n i 
need replacing. Uni rut t;ie nesting 
and cooling rretnoe sc ;gcsied -rr 

will affect tae H.se loved v;nen 
t e r:' p c- 'r a i u r o c n c.ng e s . 




CHECKOUT PROCEDURE ^ 20 : 



OUISSCEUT POV/ER USAGE 



Using a wattmeter, check the pov;er used by the amplifier when it 
is turned on but carrying no signal- This power consumption must be 
less than 40 watts v/ith the line at 120 volts. A typical reading is 
25 watts- Problems at this point are rare and not usually conplicated 
to solve v/hen they occur- (only remember Murphy’s Law) 



Symptoms 


Possible Causes 


Service Procedure 


Power drain 


Hisv/ired transformer 


Check the transformer wiring by 


too high (33 


primary 


comparison with the color code on 


watts and 




the circuit schematic. 


higher) 


Oscillations 


Occasionally intermittent oscil- 
lations v/ill not make an appear- 
ance until this point in the test. 
The high power consumption just 
means that one channel is turning 
itself on because of the oscil- 
lation, The procedure mentioned 
above for locating oscillation 
problems should be followed. 



3 . Mechanical Problems 



Electronic problems are primary, but amplifiers also come back 
from customers with a variety of mechanical hurts that need repair as 
well. Unless the amplifier has doubled as a doorstop, the mechanical 
problems should be minor. Tv;o in particular, however, can stand mention. 



Loose Filter Capacitors C2 and C3« The two main filter capacitors on 
the +60 volt supplies are mounted by clamps inside the chassis in such 
a way that a good part of them protrudes from the rear of the chassis 
(on either side of the transformer). Because of this position the 
capacitors are subject to various unsubtle pressures which conspire 
to push them the rest of the way into the chassis. On occasion (in 
fact, or many occasions) the mounting clamps have not been tight 
enough to withstand many of thest pressures. As a result the capacitors 
have been pushed fu’^ther into the chassis, forcing the circuit boards 
against the fuse chassis and doing various kinds of damage to com- 
ponents on the board. The remedy begins with pulling the capacitors 
back out until the top edge (inside the chassis) is even v;ith the 








upper edge of the mountin 
tightening the sc rev; hole, 
screv; has been cleverly p 
a small offset open-end v; 
patience are all you need 



g cla"ip. The clamp can then be tightened by 
ing the ends of the clamp. This particular 
laced so that an offset ratchet sc rev.'driver, 
’rench, fantastic dexterity, and seven boxes o 
. to tighten it. 



Loose Captive I;‘u ts: This problem begins to make the amplifier sound 

like an adjunct to a mental hospital, but the actual problem is milder 
than that. The fuse chassis, the heat sinks, and the extrusion on the 
lower front of the amp have captive nuts mounted in them as part of 
our plan to hold the amplifier together. These sometimes come loose. 
Really. The thing to do when they come loose is to use a capscrew 
fitting the captive nut, v;ith a v/asher on it to protect the amplifier 
chassis, to pull the nut into. place again. Hold the nut in. place 
while threading the capscrew into it from the other side of the hole. 
Torque the capscrew down v;ith an alien wrench to reset the captive nut 
Incase the hole has been chewed up to the point where the captive nut 
will no longer lock in place, coat the inside of the hole with epoxy 
before setting the nut (be careful to keep the epoxy off the threads 
of the nut and capscrew, however, or you may have to do some blasting 
to complete the repair.) 




PART V: PARTir:G G?:CTS 



When everything has been 
said and done, there is 
nothing left to say or do,,.. 

This manual is rapidly coming to an end. If it has been puc 
together properly, it should provide a good start on solvii;g the pro- 
blems of most defective DC-300’ s. Possibly the manual has some 
weakness (the possibility has been estimated to lie betv/een 97- and 
lOOfj) and so it will doubtless need some revision, appendices, 
expansion, etc, in the future. All of this will be easier if you 
people \/ho read this v;ill sugges. your own preferences for revision. 
Maybe you will feel this manual should go right up there with 
V/ebster’s Dictionary and Dr, Spock's Baby Book as a source o: useful 
information. Or maybe you v;ould rather think of it as you v;ouId a 
book of West Iranian Cookery: sort of interesting, but not m.ucn nelp. 
You may even think of it as the literary equivalent of last year’s 
plane schedule: past all usefulness. V/hatever way it comes cue, 
think up your ov;n conclusion and send it along to our service de- 
partment. We would like to consider it in our future production of 
service .manuals. If everything goes smoothly, v.'e will produce an 
infallible service manual the day before we build an amplifier ohat 
v/ill need no service. 

Third: of that 



the end 



do 




A-1. OUTSIDE FRONT VIEW: DC-300 




LEVEL ) 



f x\m 
ioin iTATt AMHjntK 





LEVEL 2 





The picture above shows the following items: 

A. AC power switch— centered on the panel, 

B. Pilot light— just above the power switch. 

C. Level controls for both channels— to the right and left of the power switch, 

D. Access door with spare fuses— mounts on extrusion with thumbscrews to cover fuse panel. 

E. AC line fuse and DC supply fuses— AC line fuse in the center and two DC supply fuses for 
each channel, 

F. DC balance controls— access holes as marked at either end of fuse panel. 





A- 2. OUTSIDE BACK VIEW: DC-300 




OLD STYLE; The picture above shows the back of the DC-300 for units through serial number 
A1498. Numbers A1499-A1698 have the mounting nuts and studs for the covers shown below, 
but not the covers themselves. The input and output phone jacks are clearly marked. The binding 
posts are alternate output connections. The output transistors, mounted in channels on the left 
and right, are covered with individual black plastic caps. The housing of the transformer displays 
the CROWN label with patent and serial numbers, as well as the warning label about output 
connections. 




NEW STYLE; The new look began with number A1699. Observe that the output terminals are 
now covered with a small metal box labeled "output" {this can be removed to connect the output 
wiring). The purpose of the box is to eliminate the already remote possibility of electrical shock 
from the output binding posts. Also note that the transistors are now protected with metal covers 
instead of the black plastic caps shown in the top photo. 



A* 3. OUTSIDE END VIEW: DC-300 




OLD STYLE: The photo above shows the protection switch of one channel, with the Hysteresis 
and Normal positions indicated by “H” and The driver transistors also appear, covered with 
black plastic caps. 




NEW STYLE: The photo above shows the changed appearance of the heat sinks, which began 
with number A 1699, The driver transistors are protected with a metal cover, on which are printed 
the Hysteresis and Normal positions of the protection switch, as well as instructions about fuse 
usage (and an admonition, readable from two different directions, to please read the instruction 
manual). 



A-4. CHASSIS INSIDE- WITHOUT HEAT SINKS 



OUTPUT POWER INPUT 

OUTPUT BINDING SUPPLY PHONE 




OUTPUT 

PHONE 

JACK 



TRANSFORMER 

PRIMARY 

WIRING 



POWER 

SUPPLY 

CAPACITOR 





A-6. CHASSIS WITH HEAT SINKS MOUNTED 



OLD STYLE 
RECTIFIER 







A-9. 120 VOLT SUPPLY BOARD 




SWITCH 



PILOT 

LIGHT 




PARTS LIST 



The following lists have been put together with the intention 
of making it a reasonable process to get replacement parts. They do 
not guarantee anything, but they v/ill help move things along. 

The organization comes from the illustrations. Each list is 
intended to include the significant parts (with accompanying informa- 
tion) shown in the corresponding illustration. The ideal procedure 
is to find the needed part(s) in one of the illustrations, then to 
look up the related information in the corresponding list. Simplicity 

itself theoretically. 

Be it known to all that CPi.’ does not mean Chocolate Plated 
Noodles or any of the other things that first crept into your mind. 

It stands for CROWN Part N'umber, and it is worth its v/eight in star 
sapphires when you think about ordering parts from us, because it helps 
identify and locate whatever parts are ordered. Aside from that it's 
just another number and not worth much at all- 

The lists do not include wiring descriptions or specifications. 
These details should be easily obtainable from the unit being servicec, 
and it should then be easy to make up any needed replacement v;ires. 

Descriptions of the hardware used with different parts are in- 
cluded with the parts, so that hard\.-are misplaced during service or 
lost some other way can be conveniently replaced. 




1LLU3TP.ATI0::S 1-3 



vpc* per channel) 



Subassembl y 
FROUT PANEL 



EXTENSION 



COVERS 



Part Marne 


) CPN 


l/fUsed 


other Information 


Panel 




B 




Red lens & 
clip 




■ 




#1 broad- 
caster knobs 


1577 


2 




Slide switch 
cap 


2546 


1 




10/52 X 5/8 

oval head 


2120 


2 


Mounting front panel (upper) 


screws 








10/52 X 5/8 
flat head 


2825 


2 


Mounting front panel (lower) 


screv/s 








Extrusion 




1 




8/52 captive 


2018 


2 


Mounted in extrusion for 


nut 






accessory door screws 


^'8-15 X y?” 
oval sheet 
metal screws 


2709 


5 


Mounting extrusion to chassis 


Access door 


2839 


1 


Mounts on extrusion to cover 
fuses and balance controls 


SS module 


1727 


4— 




2 


1 

[These four together provide 


pipe clip 




Fuse clip 


54 o 4 


plate 

GS-4-4 

eyelet 


2560 


4 


{storage for 4 spare fuses 

1 

1 

1 

1 

1 


Double sided 


1152 


2 .^-- 


1 

1 


tape (y?") 
8AG-5A fuse 


1905 


4 


Spare fuse 


Access door 


2917 


2 


Thumbscrews to hold accessory 


retaineT’ 






door in place 


Output covers 


3252 


Ipc 


Cover output terminals for 
safety; fits into wire access 
hole in output covers 


Hexco snap 


2412 


Ipc 




bushing?: 







2 







Subass emblv 
COVERS 



RACK 

mou::ti::g 



LABELS 



ILLU3 


TRATTO 


u 1-"^ 




Fart Lame 


C?L 


1 Jrused 


ether Inio’umation 


6/52 X K" 
binding head 
philiips screv 


195’^ 


2pc 


haunting output covers 


Transistor 

cover-side 


5234 


Ipc 




Transistor 

cover-back 


3235 


Ipc 




6/32 X 
binding head 
philiips sere’ 


1934 


4pc 


hounting screws for side and 
bad: transistors cover 


;7b lock v/asher 


1823 


4pc 


Cn mounting screvrs for tran- 
sistor covers 


10/32 X 5/8" 
eval philli;^ 
screivs 


2120 

i 


2^'C 


Screws for rack mounting 
amplifier 


/IC nylon 
panel v;asher 
(Black) 


2119 i 


2pc 




Amplifier i 

lacel (Cau- 
tion for 
outputs) 


2881 


1 


1 Mounted on transformer. 
1 housing 


Cover label 
(Caution to 
prevent 
elect, shock* 
etc. 


2862 

1 


1 

1 


Mounted on bottom of 
housing 


Amp / pa. tent 
number 


29-9 


1 


}'.ountcd on transformer 
housing 


H-L labels 


2933 


2 


Used to mark normal and 
hysteresis positions of 
protection sv/itches (on 
batches after .-/A 2 -CC , this 
information will be p.rinte:; 
on transistor covers.) 




ILLUSTRATION 4 



Subassembly 


Part 'rane 


CPi: 


#'Used 


Other Information 


CHASSIS 


DC -300 Chassi 


s 3394 


1 






6/32 captive 
nut 


2019 


3pc 


Used for mounting heat sirlc ( 
and output covers (2) 




Canoe clips 


1726 


Ipc 


Restrict movement of circuit 
boards 


POWER 

CORD 


3 wire line 
cord 


2824 a 


1 






Strain relief 


2803 


1 


Feed-thru of line cord on cha 




806 ground 
lug 


3312 


1 


Ground lead of power cord 
to chassis 


INDUCTOR 

(LI) 


#16 brov/n wir^ 
18" 


2812 


Ipc 


V/rapped on toroid to form 
output inductor LI 




Ferrite toroic 
form 


2850 


Ipc 


Foundation of inductor 




Nylon v/ashers 


2279 


2pc — 


1 

1 




6/32 X 1" 

binding head 
Phillips 


2138 


Ipc 


ilnductor mounting 

1 

1 

1 

1 




6/32 nut 


1889 


Ipc 


1 

1 

1 




#6 star v/ashe] 


1823 


Ipc — 






Type C 
loctite 


2117 


Ipc 


Lock nut to prevent inductor 
from v/orking loose 


INPUT- 

OUTPUT 

JACKS 


Phone jacks 
3/8" hex nuts 


3423 

2046 


2pc 

2pc 


Input and output phone jacks 
Mounting phone jacks 




Shoulder 
v/asher (3/8") 


1306 


Ipc 


Insulation for input jack 




Flat fiber 
washer (3/8") 


1646 


Ipc 


n 




3/8 V star 
lock v;asher 


2188 


Ipc 


Mounting output jack 




3/8" flat 
washer 


2189 


2pc 


Mounting phene jacks 


TRANSFORI-iER 


Transformer 

(Tl) 


3334 


1 






10/32 nuts 


2829 


4 


Mounting transformer 




z-10 star 
washer 


7892 


4 


II 



'f 



ILLUSTPATIO” 



Subass er.bl 


7 Part Fa He' 


cp:: 


.—'Usee 


I ether information 


RECTIFIER 


FDA 990-3 
rectifier- 


3333 


1 






bridge (CR 1 , 2 , 










Fasten ternina] 


00 

CTs 

(\J 


4 


Make connections to rec- 
tifier brigde 




Rectifier mount 


2936 


1 


Straightening member 01 top 




ing plate 






center of chassis 




6/32 X 5/8 oval 
phillips screi; 


2207 


1 


Mounting rectifier 




6/32 X 3/8 oval 
head phillips 


IS7I 




Mounting plate 




screv/ 










Silicon com- 


2422 


/'tsp 


Heat sink rectifier no 




pound 






mounting plate-to chassis 




6/32 hex nut 


1889 


2 


Mount rectifier and date 




,r6 star Vv'asher 


1823 


2 


Mount rectifier and plate 


CAPACITORS 


Electrolytic 


3436 


2 






capacitor: 










13 » 500jiilb/70vdc 
(C 2 , C 3 ) 






• 




Capacitor clamp 
+ hardware 


2660 


2 






389 solder lug 


2934 


f ^ 






6/32 X 6/16” 

binding head 


2008 


^ 






6 


t 

t 

1 

! 

1 

1 Mounting capacitor clamps 


phillips screw 




6/32 hex nut 


1889 




?'rS star washer 
Binding post 


1823 

2823 


6 


) 


BIEDIi.’G 

POST 


Ipc 


Output terminals 


Type C loctite 






2217 




Prevent binding post from 
loosening under wear. 









CL( EH to 



TKSRiiAL 

SWITCH 



Thermal s'. 

(SW3, sv:-, 



10/32 

nut 



Her-t sir^: orn- 2162 



?d t Otr. er _r. i oi mation 



2pc Used to mount front panel 

Insure good thermal contact 
betv;een 3v;itch sensor and 



ROTIC- 

lOU 

wITCH 



6/32 o: 2109 

cap sc rev; 

Brass standoff 3251 



DFDT slihe 32--I-7 

sv/itch ■,£’.r2) 

6/32 n :i'’ oao 2109 



:t thermal switch 



Serv'e as nuts on mounting 
screws and mounting points 
for transistor covers. 



Counting orotection sv/itch 



TBki'*IrJAL 



Brass standoff ^251 



1- G-2 terninal 1266 
strip 

2- G-l terninal 1"17 
strip 

^•7K oh.r. 1 v.'att 2.807 
resistor 



Berve as nuts on mounting 
screws ana mounting points 
for transistor covers.* 

Termnnalstrips mount on tra.n- 
s-stcr mounting scrcv/s 



POV/H< 

RBCISTOR 



5mfd “tOv cap- 16/S 
acitor vC6^ 

lU'iOGh lie do 28 31 
(CR7, CIS; 

Power resistor 27to 



Prom -rcO to ground 



Resistor clips mount on cap- 
screws used to atta.ch heat 



Resistor r.cunt 3‘^0' 



6/32 capo 



- ve nu i r'.Ux'^ 



: resistor mounting clips 

■.nder mounting clip at 
u-s. ) end of oov/cr 




ILLUSTRATION 3 



Subassembly 


Part r.'ame 


cpr: 


,vUsed 


Other Information 


POb'ER 

TRANSISTORS 

j 


2 N 773 transis- 
tor (Q 2 , 3 ,^. 6 ) 


^176 
( V/es t^ 
2964 
(RCA) 


4 pc 

i 


Output transistors (Older uni 
may have solution ( 2841 ) or 
Silicon Transistor Corp, (284 
units as output transistors 




MHT 7^98 tran 
sistor (Q 1 , 4 ) 


2895 


2 pc 1 


Driver Transistor 




T 03 plastic 
film transis- 
tor 


3180 


2 pc 


Insulate driver transistors 
from heat sink 




T 03 insulator 


3179 


6 pc 


Insulate all power transistor 
leads inside chassis 




6/32 X 3 / 4 " 
binding head 
Phillips 


2133 


12pc 


Mounting drivers and outputs 




6/32 hex nuts 


1889 


12pc 


II 




iy'6 lock v/asher 


1823 


l 4 pc 


II 




Heat sink 
compound 


2162 




Thermal contact between out- 
put transistor and heat sink 




Silicon com- 
pound 


2422 




Thermal contact betv/een drive; 
ti'ansistors and heat sinks 




305 solder lug 


3163 


4 pc 


Connecting output collectors 
together 



7 




ATTACH H-o 6/32 X )- 2 ” cap 2109 3pc 
TO CHASSIS screv/s 



Silicon com- 
pound 



LEVEL 

COLTHOL 



8/32 X flat 2136 

head phillips 



ir.TUT 



2.7 chm )'k';att 
resistor (R2) 

.Imfd 200v 
mylar cap (C3) 



screws 

lOK linear 2922 

cermet poten- 
tionmeter (Rl) 

V/ire & shield 1791 
cable 

Panduit minia- I 8 II 
ture tie 

Zierick ground 2828 
lu^ 



COMPOr'EETS 2-7 ohm 1 watt 1001 
OH OUTPUT- resistor (P5) 



2857 



IS" 1- 



Attach heat sink tc chassis 
(1 captive rut set in chassis 
2 others in powei- resistor 
brackets) 

Thermal contact betv/een heat 
sink and chassis 

Attach heat sink to chassis 
(top and bottom) 

(Includes 3/8" flat v/asher 1 - 
3 / 8 " hex nut for mounting. ) 

Cabel from input jack to pot 
( 13*0 and from pot to board (I 8 ") 

V/rap cables together 

Lug is mounted on pot ste^a and 
then v/rapped around cables to 
relieve strain on cable con- 
nections at pot terminals. 

Parallels output inductor. 

Connects input ground to 
output ground 

Across binding post terminals 




ILLUSl^ATIO^• 7 

The circuit boarc mounted on the fuse chassis is described in 
illustration below; 



Part Nr me 


CPN 


fp Used 


Fuse mount sub- 
chassis 


3393 


1 


iClB fuse holder 


1221 


3 


3/16 X plugs 


7723 


k 


S/32 captive nut 


2018 


2 


G6G terminal strio 


1273 


2 


6/32 X 3/16 binding 
head phillips screw 


2008 


2 —.. 


internal lock 
washer 


1823 


2 


6/32 hex nut 


1889 


c. 


Fuse mount label 


28^6 


1 


8/32 X flat 

head phillips 
sc rev/s 


2136 


2 



Other Information 



Includes hex nut for mount: 

Adapt fuse holders for sho: 
(in IX^ holders) 

Set in fuse chassis for moi 
chassis to main chassis 



[Hounting terninal strins 



^lounts across front of fuse 
to indicate fuse sizes, Ztc 

^iOunt fuse sub-chassis to c: 



a separate 



■n cr 
•**o 

•ter fuses 
nting fuse 



panel 
n ass is 
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Part Kame 


1 CPN 1 #Used 



Board ^697 

27 K I 2 watt resistor IO 56 

I. 5 K /^;att resisto" IO 76 
ir:4003 diode (CB3, 2851 



lOmfd I 5 OV DC 
capacitor (C-f) 

80mfd lOOv Dv^ 
capacitor (Cl) 

ME2H neon tulb (l-i: 

SPST switch (SV/l) 

4/4o X 34" round 
head slotted screv/ 

internal star 
washer 



Indicator laiirp 

AC power switch (mounted in center of 
board v;ith 120v supply built around it) 



Mounting hardware 



4/40 hex nut 






ILLUSTRATION 9 



This list has been made up according to the order of part numbers on the 
schematic, since it seems most likely that parts v;ill be ordered after the 
schematic has ceen consulted. 



BOARD MOUNTING : 



Part Name CPN 

Board mounting 40246 

bracket 



6/32 X 3^" binding 
head phillips 
screw 

star v/asher 
spacer 

#8 X 3/S'^ sheet 
metal screw-hex 
head 



2176 

1823 

1840 

2757 



Z-Used I Other Information 

Ipc These include a rubber stem bumper 
in one corner and an insulating 
board glued to the bottom of the 
bracket (to keep from shorting the 
filter capacitor leads). Right and 
left hand boards have the rubber 
bumpers mounted in different corners 
(the bumpers replace the mounting 
screw in the corner where the 
balance post are placed — a mounting 
screw could short one of the pots) 



3pc- 

3pc 

3pc- 

2 pc 



i'lounting board to bracket 

I 

t 

Mounting bracket to heat sink' 



MAIN BOARD PARTS: 



Resistors — per channel 



Part Name 


CPN 


#Used 


Other Information 


Rioi (IK i;y) 


2627 


1 




R102 (lOK }:w) 


2631 


1 




R104 dm 7zW) 


2805 


1 




R105 (36K 7w) 


2810 


1 (of 2 


'' Film resistor 


RIO 6 (3.9k >4W) 


2630 


1 (of 2 


) 


R107 (2.2K ;4W) 


2628 


1 (of 2 


) 


RIO 8 (2.2^i 7.W) 


2628 


2 (of 2 ) 
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Resistors — per channel 



Part Name 


CPN 


# Used 


Other Information 


R 109 (5-6k )^W) 


1042 


1 




RllO ( 3 . 9 K ) 4 W) 


2630 


2 (of 2) 




Rill (56K V2W) 


2810 


2 (of 2) 


Film Resistor 


R 112 ( 3 - 3 K ysW) 


1051 


1 




RII3 ( 1 - 5 K W 


1076 


1 




R 114 ( 56 ohm VsW) 


1009 


1 




RII3 (^ 5 K yaW) 


2944 


1 


Film Resistor (was 39 K) 


R 116 (lOK yaW) 


1035 ; 


1 




RII7 ( 470 ohm pti) 


2626 


1 




Rll« (lOK 


2343 


1 


1% tolerance 


RII9 (I87K yaW) 


2822 


1 




R 120 ( 8 . 2 meg 


2984 


1 


(was 10 meg) 


R 122 (lOOK y?W) i 


1027 


1 




RI23 ( 3 * 3 K IW) 


2806 


1 




R 124 ( 68 k yaW) 


1612 


1 




RI25 (3. OK yaU) 


1059 


1 




RI26 


— 


1 


Value selected to adjust bias 


R127 ( 5 -lK iw) 


2808 


1 (of 2 ) 


5 /j tolerance 


RI28 ( 4 . 7 K yaW) 


1640 


1 (of 2 ) 




RI29 ( 4 . 7 K yaV/) 


1 1640 


2 (of 2 ) 




R 130 (5.IK IW) 


2808 


2 (of 2 ) 


5/0 Tolerance 


RI3I (iSOohm Y 2\0 


1006 


1 (of 2 ) 




RI32 ( 5 . 6 ohm IW) 


2355 


1 (of 2 ) 


5 ?b tolerance 


RI33 (240 ohm yaW) 


1069 


1 (of 2 ) 


tolerance 


RI34 ( 240 ohm yaW) 


1069 


2 (of 2 ) 


5/0 Tolerance 


RI35 (I 20 ohm >aW) 


2804 


1 


1 % Tolerance (was ^'/o) 


RI36 (lOOohm } 6 W) 


1007 


1 




RI37 Cl80ohm yaW) 


1006 


2 (of 2 ) 




RI38 ( 5 . 6 ohm IW) 


2353 


2 (of 2 ) 


5/0 tolerance 


RI39 (l 8 ohm y.W) 


3037 


1 








Capacitors— 


-per channel 


ClOl ( 27 pf) 


2342 


1 




C 102 ( 47 pf'> 


5409 


1 (of 2 ) 




CI03 (. 047 / 200 ) 


2977 


1 
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Capacitors — per channel 



Part Name 


CPN 


# Used 


Other Information 


C 104 (.01 disc) 


1751 


1 (of 2 j 




CI05 (1/30 tantalur 


^ 1750 


1 (of 2 ) 




CIO6 (5/70) 


1678 


1 (of 2) 




CI07 (lOpf) 


2821 


1 




CIO8 ( 5 pf) 


2820 


1 




CI09 (.01 disc) 


1751 


2 (of 2 ) 




Clio (.Imfd 200 v 
film) 


9938 


1 




cm (1/30 tantalur 


.750 


2 (of 2 ) 




C 112 (3/70) 


1678 


2 (of 2 ) 




CII3 ( 3 - 9 pf ceramic 
cap) 


2937 


1 




Cll 4 (.0015 pacer) 


3089 


1 




CII7 (.0047 film 
mylar cap) 


3178 


1 




CII8 ( 200 pf) 


3411 


1 i 




. 1 

CII9 (•! ceramic * 

disc) 


1 

2600 


1 

1 (of 2 ) 




C 120 (.1 ceramic 
disc) 


2600 


2 (of 2 ) 




( 47 pf) 


3409 


2 (of 2 ) 


Added to circuit across R 113 
(I.5K) to solve some oscillati 
problems 






Diodes — per 


channel 


CRIOI & CR 102 
(MZ236I double 
diode) 


3039 


1 (of 2 ) 




CRIO3 (IN968B 

Zener-diode) 


3277 


1 (of 3 ) 




CR 104 (IN968B 
Zener) 


3277 


2 (of 3 ) 




CRIO5 (IN27O 
lermanium)' 


3^^7 


1 (of 2 ) 




CRIO6 (MR 2360 ) 


2798 


T 

J. 




CRIO7 8 c CRIO8 
(MZ236I Douole 
diode) 




2 (of 2 ) 




CRIO9 (IN96SB 

Zen^'") 


-.277 


‘ (of 3) 
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Part Name 


CPH 


Diodes — per channel 
fr Used Other Information 


cmo 


3181 


1 (of2) 


CRlll (i?:4i43) 


H 

00 

H 


2 (of 2) 


CRllP (1K270 i 

Germanium) j 


3447 


2 (of 2) 


QlOl (A&-3)(TD101' 


2832 


Transistors — per channel 
1 Differential amp transistor 


Q102 (2:i3859A 
special irP2) 


2961 


1 (of3) 


Q103 ( 2:15383 
special P2?) 


2982 


1 (of 4) 


Q104 ( 21:5383 
special PNF) 


2982 


2 (of 4) 


Q105 (2I0859A 
Special ilPN) 


2961 


2 (of 3) 


Q106 (40327 
selected) 


3348 


1 (of 3) 


QIO 7 (2N5383 

special Pi-T) 


2982 


3 (of4) 


QTOS (2N5383 
special PisT*) 


2982 


4 (of 4) 


QIO 9 ( 2 N 3 S 59 A 

Special IIPIJ) 


2961 


3 (of3) 


QUO (40327 

selected ) 


3348 


2 (of 3) 


Qlll (40327 
selected) 


3348 


3 (of 3) 


Q112 (2 HI 304) 


2721 


1 


QII 3 (21:1305 


2817 


T 


Q114 (SS7304) 


2923 


1 




Other Parts Hot Mentioned Above — per channel 


Transistor pads j 


1250 


5 


Printed circuit com- 

i 




ponent receptacles 


1655 


2 


lOOK horizontal po 


t 1709 


1 


IK horizontal pot 


1711 


1 






14 



CHANGE LIST 



It will become obvious very quickly to the most c£sual observer 
(as well as to all alert, quick-minded, and diligent service personnel) 
that all DC-JOC's are not identical. There have been changes made 
not, as is commonly supposed in the heat of service work, to confuse 
the serviceman, but to improve the reliability and ef fectiveness of 
the amplifier.) Nearly all of the changes are reasonably minor (as 
opposed, I guess, to unreasonably minor?) and are simply the result 
of finding a better v/ay to do something, or a more suitable component 
for a particular job, etc. The point of this section is the descrip- 
tion of the most important of these changes in some detail, mostly 
for the purpose of distinguishing factory components from customer 
components, as well as for preventing confusion when similar parts 
from different amplifiers do not seem to match. 

To make the section easier to use the changes are grouped under 
the different components or sections of the amplifier involved. 



TRANSISTORS 



1) Q2, Q3t 05 » — Output Transistors (2N3773) 

Four different brands of output devices have been used to date. The 
original outputs were made by Solitron. IVhen these began to show less 
reliability than expected, RCA transistors were used on the following 
batches. The RCA units, although showing excellent reliability, 
were not as fast as desired and some had to be replaced on the check- 
out bench in order for the amplifiers to meet response specifications. 
Silicon Transistor Corporation had a faster transistor that they 
believed would be reliable under DC-300 operating conditions. It 
wasn’t. After a smattering of STC units, the RCA transistors v/ere 
reinstatea, and. the search for a faster (reliable) transistor vent 
on- V/estinghouse seemed to have the ideal unit to fill the need. 

Their transistor met all specifications and v;as faster than the RCA 
unit. The only hitch turned out to be a mechanical problem. The 
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bases of the V/estinghouse transistors were slightly bowed and when the 
transistors were bolted to the rigid DG-300 heat sinks, the straigntening 
process sometimes caused internal havoc v;ith the semiconduc tor chip. The 
following batch of amplifiers went back to RCA outputs, while, a procedure 
was developed to screen out the unusable ’Jestinghouse units. V/ith the 
use of this screening procedure, the V/estinghouse units have become 
standard components at this point. 



The division of amplifiers according to output brands is as follows: 



Solitron (CRN 2841): A100-A236 

STC (CPR 2841A): a465, a475. a4?8, A4?9, A483-a485, a488, a489. 

a494, A516, A52d, A527, A340. 

RCA (CPN 2984): A237-A464, a4d6-a474, a476, a477i a480-a482, a486, 

A487, a4Q0-a493, a493-A515i A517~A323, A323-A359. 

A541-A532, A534-A1198, A1248-A1298, Al:99-Al498, 

AI870-AI921. 

Viestinghouse (CPN317o); A553» A1199-A1247, A1299-A1398, AI499-AI869, 

A1922-A2048. 

2) Q102, QIO5, QI09 — Input Stages: 

Q102 and QIO9 were originally SH:4010 (CPM 2C64 a) transistors. QIO5 
was 2N3588 (CPN 2090). These were replaced in early production runs 
with faster 2N2859A special units (CPN 2961), which have been in use 
ever since. 

3) QIO3, Q104, QIO7 Q108—Input Stages: 

Initally these transistors v/ere 2N3645's (CPN 2434), They were re- 
placed during early production 'with special TZ^Sl’s (CPN 2982), in 
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order to improve the reliability of these stages. The 2982 »s continue 
in use. 

4) Q114— Negati ve Pre-Driver: 

This transistor v;as originally an ITC150430021 (CPU 28^0) . It v;as 
changed because the long number was slowing up -our bookkeeping. 

Actually, the SS7304 (CPN 2923) replaced it because of a better nrice. 
and the 2923 incidentally improved the IK distortion readings of the 
amplifier. 

3) QUO, Qlll, Q106 — Input Stage, Pos. Pre-Driver, 120 Volt Supply; 

From the beginning these transistors have been RCA 40327* s (CPi: 2643), 
Beginning with amplifiers A1799t a gradual changeover is being made to 
RCA 61061 *s (CPU 3348). The nev/ transistors are just 40327 *s selected 
for more efficient performance. Originally, CROV/:.' did the selecting 
and tried to put the best units in positions QIO 6 and Qlll (QUO is 
not as critical). The only change is that RCA now performs the selection 
process and puts a different number on the transistor. 

DIODES 

1) CR7» CR 8 — Flyback Diodes: 

These diodes, mounted on the terminal strips inside the heat sinks, 
tie the positive and negative supplies to the output, sc that the out- 
put potential can not go above 60 volts (plus the diode forirard 
breakdown) in absolute value without pulling the supply voltage with 
it. Early uidls encountered problems with reactive loads which were 
destroying the output transistors by sending the output above the 
supply voltages. Units A100-A148 did not originally have these diodes 
installed (the diodes have since been added to many of these units 
when they have returned to the factory foi* one reason or another) • 

All units from Al-9 on should have the diodes fro!:T the original 
manufacture. 
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2) CR107* CR108 CRIOI , CR102 — Bias in QIO5 and Output Stages: 

Originally these were four discrete components* A need to raise the 
output bias voltage slightly, as v/ell as. the savings effected in using 
fewer components, led to the replacement of the MZ2360 diodes (CPN 
2798) with KZ23^1 diodes (CPN 3039)- CR107 and CRIOS were replaced by 
the double diode plus an I8 ohm resistor (for the desired bias 
increase) and CRIOI and CR102 were replaced by the double diode. All 
units from A699 on should have this alteration. 

3) CRI03, CR104, CR109~-Zener Diodes: 

Al-l three of these began as lN967's (CPN 2103) 1 which are I8 volt 
zeners with 2Q;j tolerance. To solve a problem with tolerances, these 
were all changed later to lN9^A's (CPK 3030) , which are 20 volts — 

10^ tolerance. CRIO9, the value of which is less critical than the 
20 volt supply values, was switched back to 1I.'967 for awhile. For 
sever.al reasons, including a good price, all three have been recently 
changed to 1N968 B*s (CPN 3277 ) 1 which are 20 volts — 5/^ tolerance. 

CAPACITORS 



1) C6--From +60v to Ground: 

Some early amplifiers had a problem with ringing at the positive 
clip point. The addition of this capacitor solved that problem. It 
also helped eliminate a lov; level 10 meghertz oscillation observed in 
some units. Beginning with Al49, C6 was installed in all new amplifiers. 

2) ^7pf- Capacitor Across R113i 

The low level^ high frequency oscillation mentioned above was annihilated 
in some units by adding a lOpf, 27pf, or 47pf capacitor across R113 
(in the input circuit) at the test bench as needed. The percentage of 
units having the problem was high enough to justify adding the 47pf 
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capacitors to every unit and dispensing v;ith the search for oscillation 
(since no units shov/ed up which were not cured by the 47pc cap.). The 
circuit board has not been altered for this component and it is still 
soldered directly across R 113 (l.f>K). 

3) Cll^f Cll 6 — Limiter Circuits: 

With the Solitron and STC outputs, these capacitors v/ere 50i^f* But 
with the 1 lower RCA transistors, the size of the capacitor was doubled 
in order to keep the overall response of the amplifier fast enough. 

At first other 5^nf capacitors were added in parallel on the under side 
of the board, but later the 50nf capacitors were replaced with lOOnf 
units in the board production. The V/estinghouse transistors also need 
the lOOnf capacitors, so they have remained. 

4) C113 — Across Feedback Resistor R119: 

This capacitor began as a l-3pf arrangement of inter-digitated foils 
on the circuit board itself. It was augmented by a 2.2pf capacitor 
soldered directly across the I 87 K resistor (R119). The two of these 
were shortly replaced by the 3»9pf capacitor which is still in use- 

RESISTORS 

1) RII 5 — Emitter Resistor on Differential Input: 

This began life as a 39K resistor. Early in the game it was dis- 
covered that variations in the zenered supplies sometimes left TDlOl 
without enough voltage to insure an adequate signal sirring. The size 
of RII 5 v;as increased from 39X to 43K to raise the voltage level. 

2 ) R120 — Output Balance Circuit: 

This unit was changed in the early batches from lOmcg to 8.2meg, in 
order to improve the range of the output balance pot. 
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POWSR SUPPLY 



Pectifier Assembly: 

The rectifier assembly on the transformer secondary originally con- 
sisted of four discrete diodes mounted in aluminum bars. It has been 
recently replaced by an epoxy-cased bridge rectifier. This single 
component is both easier to install and easier to service than the 
original unit. The change was made on amplifiers from A1799 



^SCKA::ICAL 



1) Underv/riters Lab Covers: 



To comply v/ith "safety" standards established by Underwii ters Lab- 
oratories, the DC-yCD has recently appeared with nev/ metal covers 
over the chassis-mounted power transistors and the output terminals. 
These additions v.'cre provided for beginning v;ith unit 5ut due to 

late parts delivery, the first batches of the amplifiers v;ent cut with 
the mounting standoffs and mounting holes, but v/ithout the covers 
themselves. These units retained the plastic caps that are individually 
glued to the exposed transistor cases. Beginning v/ith Alo99i the amp- 
lifiers should have all of the nev/ covers and labelling, including: 
covers for the output transistors, covers for the driver transistors, 
covers for the output terminals, and the cute little UL sticker on 
the transformer housing. 



2) Change in Output Transistor Insulators: 



In the original product.ion, the output transistors (Q2, Q3» 
were insulated from the heat sink w'ith an anodized plate. Later on 
a more efficient process was begun which involved spraying the area 
v/here the output transistors are mounted (on the back of the heat s: 
with an insulating epoxy coating. This coating is not obviously 
visible cut it can be assumed to be present when the insulating v;~.g: 
are not. (this is on the outside of the heat sink; inside the heat 



nk) 
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sink nylon v/ashers or plates are used as insulators for the mounting 
screws.) Please note that al.1 driver transistors must be mounted 
with insulating washers, since there is no spray-coating on the ends 
of the heat sinks. 

All units from AlOO to A700*s used separate insulators. Then the 
following units used the spray-on insulation: 



A 782 


A 79 ^ 


A852 


A869 


A878 


A785 


a 807 


A857 


A872 


A879 


A 737 


a8^1 


a862 


a 87 J 


A894 


A789 


a 844 


a866 


a 875 




A 791 


a 847 


A867 


A876 





Units A 899 -AII 98 followed with the old-style insulators. 

Beginning with A1199 only A12l8 and A1219 used the old separate in- 
sulators. All others since that point have used the spray-on insulation. 



MTSCELLAI'JEOUS CHAr^GES 



Besides the changes listed and detailed above, there are numerious 
others which have been left out of the list, because of their relative 
unimportance in doing any service work. These others include chcinges 
in style of capacitors, level control pots, input and output jacks, 
resistors, and germanium diodes- These parts have not changed in 
value 01 function, but only in the type used. 

As explained earlier, the list has been put together for the purpose 
of avoiding confusion when parts of different amplifiers do not match 
and only those changes which we think may somehow get involved in 
service work have been detailed. Questions and confusions not cleared 
away by the information already given will have to be referred to the 
factory. 



7 




6URE D-2 r 30360 



fl 



Te> Lx^trap 




anx 



fedlha<X 





^113 



r 



Cuncit jint/scL 
oj,p. 



PrctodiDf\ 

Corrtrol 





‘Prot ectiDA 




Cofitol 



cmuimv (MPuriED) 
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APPENDIX D: DC-3D0 Operation'll Design 



INTRODUCTION 



The follouing section has been written with the objective of 
explaining the basic operational features of the CRDbJN DC-300. 
The method of explanation involves dividing the amplifier 
circuitry into several sections and discussing the operation 
of each section individually. Three is a good number; it is 
not very big and not too small - so we have chosen three 
sections which are in the order of their appearance: (1) 

Output Stages; (2) Protection Circuitry: (3) Input Stages and 
Feedback Circuitry. Included with the text are simplified 
schematic drawings intended to clarify the way things work. 

One picture is worth a thousand words (which is why painters 
are richer than writers). 




SECTIGIM I: Output Stages 



A. Design Objectives 

One of the most persistently soul-tuist ing struggles 
occupying the tears and efforts cf design engineers comes 
disguised as a power transistor. Output devices, by union 
rules, will either do your hard work for you in forty days 
and forty nights or they will do your easy jobs before the 
morning dew has dried. But none of them will work very hard 
and very fast at the same time, a situation which helps not at 
all in obtaining the basic qualities of a power amplifier 
Ci.E. it should carry high power at high frequencies without 
obliterating itself^. Given the selection of rugged, high- 
power, and discouragingly slow transistors on one hand, and 
fragile, low-power and super-fast units on the other, it 
would seem that some sort of combination might be arranged to 
exhibit the good qualities of both - a marriage of speed and 
strength. The objective, then of the DC-300 output stages, 
lies in compensating for the inadquacies of available output 
devices while making full use of their strong points. 

B. The CROiirJ AB+B Output 
Conf igurat ion 

Figure D-1 illustrates the CROUrj solution to the problem of 
slow output devices. Basically, the configuration divides 
up duties BO that: 



1 




1) The rugged, slow output transistors are nurnally 
biased off and only cone on when the load and signal 
demand significant amounts of current. 

2) Fastjless durable driver transistors are normally 
biased on and handle all low level signals including 
the important crossover point when the output switches 
signal polarity. 

The advantages here are obvious. The bias resistors on the 
outputs can be made small. This reduces the bad effects of 
their internal capacitance and allows the outputs to work 
better at high frequencies. There can be good low level 
linearity because the driver transistors which handle low level 
signals can be biased on all the time for quick switching. Ue 
thus combine speed and strength to provide previously unavail- 
able performance. 

Referring to Figure D-1, transistors Q2,3 and Q5,G represent 
the output devices that draw no current in the quiescent 
state. [^1 and are the driver transistors which are biased 
on in the quiescent state. The bias current through the drivers 
does not induce enough voltage across output bias resistors R132 
and R138 ijo turn the outputs on, but any demand for large 
amounts of current from ql and Q4 will quickly change the 
situation. LJhen the current increases, the voltage across 
R132 and R138 will rise enough to turn on outputs Q2, 3, 5 and 
6 and the outputs will supply the heavy currents demanded for 
high power operation. A further benefit of this design is 
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the gain in bias stability. Since the main outputs are 
normally biased off, there is no tricky adjustment or 
compensation necessary to keep them biased at the proper 
level. Overall, this use of A3+B operation maximizes the 
usable gain-banduidth of an amplifier using currently 
available semiconductor devices. 

C. Output Biasing 

In Figure D-1, Qlll and QUA are designated as predrivers. 

This complementary stage is cascaded with the driver stage 
to provide current gain sufficient to switch the 

output stages quickly and provide good performance at cross- 
over. The bias supply acts directly to bias this stage, which 
then biases the driver stage. The bias supply, as shown in 
Figure D-1, acts as □ current source with adjustable voltage. 

Figure D-2 shows more detail on the bias circuitry. Essentially 
the output of the final voltage amplifier supplies voltage 
to the predrivers, which then combine with the drivers and 
output transistors to amplify the current for final output 
power. The bias supply must properly set the quiescent 
operating levels of the predrivers, and must have enough 
voltage swing to handle the signal from the final voltage 
amplifier stage. 

The load resistor (R125) of the final voltage amplifier 
(Q1D6) is bootstrapped by zener diode CR1D5 to the final 




amplifier output. This provides positive feedback uhich 
increases the output impedance of QIOS and increases its 
output driver poioer^ giving it the desired current source 
characteristics. 

Zener CR109 ties to a +120 volt supply in order to insure 
enough voltage to saturate the output devices when large 
positive signals are required. If the zener uere run to the 
+60 volt supply, it would drop out of conduction before the 
output transistors saturated. This would lower the bias 
current supply and limit the positive output. Using the 
+120 volt supply, the output transistors saturate first, so 
the bias supply is adequate for all signals. 

Transistor QUO shares power dissipation with resistor R124. 
R124 handles the zener current while QUO supplies the 
collector current of Q106. 

In the final design (see main DC-300 schematic), the best 
distortion figures resulted from running the zener from 
the base of the positive output transistors rather than to the 
output itself. This minor change does not affect the 
principles of operation outlined above. 

Adjustment in bias voltage comes from selected resistor R126. 
The diode string CR105-CR10S provides a constant bias 
voltage between the bases of predrivers Qill and Q104, 
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keeping them both turned on and ready to go. Precise 
adjustment of the desired bias level is achieved by 
selecting the proper value for R126. The predrivers supply 
the bias for the drivers across R131 and R137 (main 
schematic) and the bias is measured for adjustment across 
R132 and R138. The set level across these resistors is 
0.325 volts + 0.15 volts. 
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SECTION II; ProtGction Circuitry 



A. Design Objectives 

One of the outstanding features of the DC-300 amplifier is 
its unique protection scheme. The system is designed to 
relieve instantaneously any dangerous stress on the output 
devices and then to return the amplifier to normal operation 
as soon as the stress has been removed. These operations 
are to be performed automatically in order to lessen 
inconvenience. A further feature involves protection against 
overheating due to poor ventilation. 

B. Overload Sensing 

The basic protection circuitry appears in Figure D-3. 

Referring to that figure, the resistors RA (c,d,e) are sensing 
resistors. These resistors, which are very small in value, 
carry the output current from transistors Q2, Q3, Q5 and Q6. 
Before the output current becomes dangerously high, the voltage 
induced across these resistors will turn on the limiting 
transistors Q112 and Q113, an action which will in turn cut 
off the drive voltage to predrivers Qlll and QUA. In 
other words the pretection circuitry will simply clamp a 
limit on the signal whenever it threatens to push the out^ 
puts too hard. LJhen the predriver current plus the limiter 
current equals the current available from the voltage 
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emplifier (Q106) a limit point ic reached and the pro- 
tection mechanism remains there until the overload at the 
output is removed. This limiting applies itself at the 
Instant an overload occurs and removes itself as soon as 
the overload disappears. 

Effieiency in using output power demands that R4 be as small 
as possible (any voltage across subtracts from the 
voltage available at the load). This means further that Vbe 
of the limiting transistors should be small, so that they 
will turn on at a relatively low voltage. This leads to the 
USB of germanium transistors for the limiters. 

C. Sotting Uoltago and Current l_iniits 

The description above takes a very simple point of view. In 
actual operation, the protection circuitry has to handle a 
wide range of conditions which call for more complicated 
design. Figure D-4 displays this system in detail, re- 
placing the box labelled "Protection Control" with discrete 
components. 

Notice that on the base of each limiter transistor there 
is a network of capacitors, diodes, and resistors complicated 
by a switch. Ignoring the function of the switch for the 
moment, note that when it is in the position matked "N", the 
limiter bases are each tied to ground through a diode and 
a resistor. Look at R127, in the positive limiter (Q112) 
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network, to see how this works. As the voltage on the 
output rises above zero, current flows through R133/13A 
and R127. Observing the voltages indicates that Uj^_Ug=V/ 0 ^. 
hJhen this voltage is greater than forward breakdown on the 
base-emitter of Q112 (about 0.3 volts on a germanium 
transistor) at that point Q112 will turn on. The difference 
in voltage depends on the voltages across R133/134 and R4, 
since V/ 2 +V 2 =V/ 3 +Ug, which means that U 3 and V 2 

depend, of course, on the current through their respective 
resistors and these currents in turn arise from the 
magnitude of the output voltage Ug and the output current Ig 
through R4. The limiter turn-on point varies, then^with the 
values of the output voltage and current, once the com- 
ponent sizes are established. The components are selected 
to allow limiter turn-on while the output transistors are 
still well within their safe operating area. Overall, this 
circuit increases the available output current (before 
limiting), as the output voltage increases. The negative 
limiter circuit operates in the same way, to result in the 
W-I limiting graph in the DC-300 instruction manual showing 
output voltage and current limits. 

Looking again at the positive limiter, notice that diode 
CRllD insures that R127 will conduct only when Ug is pDsitivt'. 
Uithout CRllO, a negative value for would induce current 
through R127, R113/134 and R4, At sufficient magnitude, this 



a 




current would activate the positive limiter while the 
negative half of the output was carrying the signal, a 
condition which would be unstable, A similar blocking 
diode appears in the negative limiter circuit. 

D, Hysteresis Mode Operation 

Now consider the switch (SljJ2a/b) that we have been carefully 
ignoring. N stands for Normal mode, which is the kind of 
limiting operation just discussed. For some situations 
requiring a little more operating room, such as might be 
encountered in driving motors and some speakers, it would 
be useful, in effect, to de-sensitize the limiters, because 
the power levels, while high momentarily, are not sustained 
long enough to damage the amplifier. When the switch is 
moved to the H (Hysteresis) position, the base of limiter 
Q112 is tied to the -60 volt supply through CRllO, R127 
and R7 and to ground through CRllO, R127 and R128. The 
effect of this is to add a negative bias to the positive 
limiter base (a.bout -0.5 volts). It follows then that the 
voltage turning on the limiter must overcome this bias as 
well as the normal junction voltage before the limiter will 
turn on, which means that higher voltage-current values can 
be generated at the output without exciting the limiter. In 
the same way, the negative limiter is biased from the positive 
supply in the hysteresis mode. 

A side effect of the hysteresis mode is the removal of adequate 
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protection for the output devices for low resistance 
DC-excited loads. 

To regain this protection, the DC supplies are fused with 5 
amp fuses. The effects of the hysteresis switch and the DC 
fuses are illustrated on the 1/-I limiting dis^ram found in 
the DC-3QQ instruction manual. 

Expansion of available output is also supplied by capacitors 
C115 and C116, These two capacitors slow the response time 
of the protection circuits to allow short, high-power pulses 
(which the output transistors can safely handle) to be passed 
without turning on the limiters. C115/116 also help stabilize 
the protection circuits. The phase lag in the output which 
is added by these two capacitors is partially compensated by 
the addition of C114 on the positive side and C1J7 on the 
negative side. 



E. Additional Notes 

Diode CR112 in the negative limiter circuit, prevents forward 
biasing of the collector-base junction of Q113, The diode 
does its job in the following situation: as positive output 
current increases, the voltage difference between the output 
and the collector of the negative limiter (Q113) goes to zero 
and then becomes positive- This happens os the increasing 
voltage across (d+e) odds to the junction voltages of 
transistors Qlll and Ql-3 to overcome the voltsae across dioces 
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CR 105-CR108 and leave the collector of Q113 at □ voltage 
fnore positive than the output* Uhen this ditf*erence is 
large enough (>0.3 volts), it foruard biases the collector- 
base junction of Q113 and prematurely limits the drive to 
the positi-VB output. Because of the output configuration, 
a similar diode is not needed for the positive limiter 
since the problem yill not occur at qil2 within the alloy- 
able current-limits of the amplifier. 

A germanium diode is used for C112 so that the breakdown 
voltage will not seriously alter the limiting action of Q113. 

The other main protection circuitry guards agaipst over- 
heating problems arising from inadequate ventilation. 

Connected in series with the AC line, a thermal switch is 
heatsinked between the positive and negative outputs of each 
channel. At approximately 165° p, the switches will open up 
and cut off the AC power, thus preventing the transistors from 
operating outside their safe operating region when the heat 
derates their power-handling capacity, (see main schematic) 



11 




SECTION III: Input Stages and Feedback 



A. Design Objectives 

The input stages must fulfill a number of important criteria 
in order to complement the output stages in forming a com- 
pletely direct-coupled amplifier shouing very loui distortion 
and capable of supplying high pouer. In the discussion 
follouing, reference should be made to the main schematic. 

To push the distortion level down, a large amount of feed- 
back in required, a condition which demands a large gain- 
bandwidth. But because of the slow output transistors, the 
open loop gain of the amplifier must be limited- at high 
frequencies to avoid ringing or overshoot. The limit on 
high frequency gain enforces a limit on the low frequency 
gain, since any difference in the gain with frequency causes 
a phase shift. Keeping the phase shift small means keeping 
the gain values fairly uniform. Overall, an integrator 
voltage amplifier does the best job of maximizing feedback 
for all frequencies. To implement this, several wide-band 
stages are cascaded. 



B. Differential Pair 

In order to secure the desired control of input drift and 
bias currents, a common-emitter differential pair forms 
the first stags (QlOla/b). Both transistors of the pair 



12 




are mounted in a single case to eliminate any temperature 
differential between the two that could add to the problem 
of drift. 



C. Emitter Follower Stages 

For the succeeding stages (0102, Q109), emitter followers are 
used to minimize loading on the high impedance input collector 
loads (R105 and Rill, 56K). By keeping this loading down, the 
response speed of the first stages is kept high. The low im- 
pedance output of these stages drives another common emitter 
pair (Q103-Q108). The emitters of Q103 and Q108 are made 
current degenerate by the use of resistors R107 and R108. This 
configuration permits the use of C102 as a bypass capacitor to 
improve the band-width of these stages by maintaining the high 
frequency gain. 



D. Grounded Base Stages 

In order to reduce feedback capacitance in the differential pair 
Q103-Q108, the signal must be fed into low impedance stages. Q104 
and Q107 are therefore grounded base stages, which show very low 
input impedance. 

A further characteristic is the high output impedance of this stage, 
as seen from the final voltage amplifier. This cuts down hum and 
noise, as well as high frequency oscillations 
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idhich might Dtheruise be inducsd on the voltage supply by the 
output. 



E. Final Voltage Amplifier Stage 

The final stage of yoltage amplification faces a number of 
conditions for effective operation. A grounded base con- 
figuration is used (Q106) because it best meets the requirements 
for high output impedance (to make the stage look like a 
current generator, as described in Section I), uide band- 
width and low feedback capacitance. A drawback is the low 
input impedance of the grounded base design. To overcome 
this Q1D5 is added to drive Q1D6 and present a higher input 
impedance to the preceding stage(QlOA). 

A further advantage of this addition is the good linearity 
resulting from the complementary arrangement of Q1D5 and Q1D6. 

To lower the power dissipation required of Q105, the collector 
is returned to the -20 volt supply instead of the positive 
supply, as this arrangement allows plenty of voltage swing 
for the performance desired. R112 also limits the dissipation 
of Q105 by limiting the collector current. 

Other components around the final stages perform the following 
functions: 
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C103 minimizes feedback capacitance effects, while C121 
and C104 are added for stability, 

CRIOI and CR102 bias Q106, The bias point is chosen to 
allow adequate voltage swing at the output of Q106. R114 
is chosen along with the bias voltage of CR101/1D2 to set 
the maximum current desired from this stage. 

R113 is on the order of size of the input impedance of 
Q105, This conbination keeps the overall variation in 
current gain to a minimum. 

F. Safety Features 

Clia, which runs from the output of the final voltage 
amplifying stage (Q1D6) to ground, provides a safety factor 
by controlling the slewing rate of the amplifier. The current 
required to charge this capacitor limits the high frequency 
drive to the output stages. Since the stage is current- 
limited, the capacitor charging speed is limited and the 
outputs cannot be hit too hard too fast. The current- 
limiting of this stage is also essential for the output 
protection devices to work, since the limiter transistors 
will carry just as much current as QUO will deliver. 

Because of the differential arrangement, the input stages 
are all internally current-limited, a situation which 
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pTEvents chain destruction of conponents in the ev/ent that 
one should short. 



G. Feedback Circuitry 

The gain-bandwidth of the final voltage amplifier is set by 
the choice of transistors and bias points. The overall gain 
of the amplifier is set by feedback resistors Rllfl and R119, 
The amount of feedback, as mentioned earlier, is very high. 
High frequency stabilization is gained by the use of feed- 
back capacitor ClOl between the output of Q1D6 and the 
collector of input transistor QlOla. A phase advance network 
CC1D7, C1D3, and R117) also ties the feedback line at the 
base of ;llQlb to the output of Q106. 

At high frequencies, the differential operation of the input 
disappears and these stages revert to a simple cascade. This 
is accomplished by the use of CiD9, which bypasses the 
collector of feedback stage QlDlb at high frequencies. 

H. Additional TJotes 

Stabilization on reactive loads at high frequencies is helped 
by the RLC network at the output terminals (LI, R5, C5). 

The RLC network in the emitter of negative predriver Q114 
also helps stabilization (R136, LlDl C117). The main 
power supplies are bypassed by C6, C112 and ClOO to further 
insure high frequency stability. 
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The + 20 volt supplies for the input stages are zener 
regulated and bypassed uith Clll and C1D5 to eliminate 
zener noise. 

Potentiometers R103 and R121, with associated resistors, 
serve to set the input bias current (R1D3) and to compensate 
for differences in offset betueen QlDla 'and QlDlb (R121). 
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SUPPLEMENTAL DC- 300 PARTS 

REPLACEMENT KIT 

(Listing parts not included in DG-300A kit) 

Designed to supply parts needed for 5-10 repair jobs. 



PART DESCRIPTION 


CPN 


QTY 


W-S-S 


TOTAL PRICE 


Transistor: 


Trans. Solitron MHT7698 


2895 


2 


6.75 


13.50 


Trans. RCA 61061 


3348 


3 


1.30 


3.90 


" 2N1304 


2721 


4 


.55 


2.20 


" 2N1305 


2817 


4 


.47 


1.88 


" TDlOl Differential 


2832 


2 


1.74 


3.48 


Diodes : 


MZ2361 


3039 


4 


.53 


2.12 


1N968B Zener 


3277 


6 


.27 


1.62 


Capacitors: 5mfd - 70vdc 


1678 


10 


.20 


2.00 


Neon Bulbs : 1NE2H 


2500 


5 


.131 


.65 


Fuses: 5amp/fast acting 


1905 


25 


.07 


1.75 


Canoe clips 


1726 


2 


.02 


.04 


Captive nuts: 


6/32 


2019 


2 


.02 


.04 


8/32 


2018 


2 


.02 


.04 


10/32 


1334 


2 


.07 


.14 



Also Recommended: Aerosol Coolant -- for temerature checking components 



Heat Sink compound (such as Dow-Co ning 340) for replacing 
output transistors. 




A-7. FUSE CHASSIS 



120 VOLT 
SUPPLY BOARD 




TERMINAL STRIPS FOR AC AND DC 

TRANSFORMER PRIMARY WIRING FUSE HOLDERS 




SCHEMATIC NOTES 



1. This schematic revision applies to amplifiers num- 
bered A2000 and above (some parts are different on 
earlier schematics). 

2. DC voltages are shown for various points. These are 
the normal, operating voltages for zero input signal. 
The following notes also apply; 

a. Voltage across Cl 02 (47pf-input stages) should 
measure 1 volt or less. In other words the em- 
itter potentials for Q103 and Q108 will be with- 
in one volt of each other if the input stages 

are balanced properly. 

b. The voltage on the emitter of Q103 should be 
within 0.1 volt of the base voltage of Q102. 

The opposite ends of these two junctions are 
tied together, and since both are normally con- 
ducting, both should normally show the same 0.6 
volt drop. The same situation exists with Q108- 
Q109. 

c. In recent units the zener voltages should be 
within 5% of the value shown (within 1 volt of 
20 volts). Older amplifiers may have 18 volt 
Zeners with 10% tolerance. 

3. The heavy continuous trace follows the primary sig- 
nal path through the circuit. The heavy broken 
trace shows feedback paths. 

4. Wire color codes are given for the main power sup- 
ply and for the chassis-to-board wiring. 

5. Components enclosed in dotted lines on the schem- 
atic are physically enclosed in a single case. 




DC 300 LAB STANOARD 



Ml 230A 



AMPLIFIER 









TEST EQUIPMENT - DC-300 SERVICE 




DC> 300 










A-12. TYPICAL CHECKOUT RESULTS 



DC-300 



Serial Number A XXX 



Ch.-l Ch.-2 



1 K Hz. Cent. Power 


1 9 0 Wrms . 


19 0 Wrms . 


8 Ohm 






1 E Hz, 300VT Cont, 


OK 


OK 


4 Ohm 






Prot, Normal 


OK 


OK 


Prot, Hysteresis 


OK 


OK 


20 K Hz, Cent, Powei* 


T85 Wrms. 


18 5 Wrms . | 


6 Ohm 




1 


10 E Hz. Sq. Wave 


OK 


OK i 


IM Dist. 8 Ohm 




1 

1 


(60-7K Hz. 4:1) 


018 ^ 150 W 


i 

02 0 96 150 W 




008 % 47.5 W 


010 % 47.5 W 




004 96 15 W 


003 96 15 W 




004 % 4.75 W 


004 96 4.75 W 




006 % 1.5 W 


005 % 1.5 W 




0 09 96 475MVJ 


i 

008 % 475MW 




016 96 150MW 


012 9^ 150MW ! 




034 96 47.5MW 


025 96 47.5MW 

t 




024 % 15MW 


020 96 15>rw ! 


Hum and Noise 


115 DB below 


115 DB below 




150W 8 Ohm 


150W 8 Oh 



(20Hz - 20 KHz) 



Quies. AC Power Input 



25 _W at 120 VAC 




SCHEMATIC NOTES 



1. This schematic revision applies to amplifiers num- 
bered A2000 and above (some parts are different on 
earlier schematics). 

2. DC voltages are shown for various points. These are 
the normal, operating voltages for zero input signal. 
The following notes also apply: 

a. Voltage across Cl 02 (47pf-input stages) should 
measure 1 volt or less. In other words the em- 
itter potentials for Q103 and Q108 will be with- 
in one volt of each other if the input stages 

are balanced properly. 

b. The voltage on the emitter of Q103 should be 
within 0.1 volt of the base voltage of Q102. 

The opposite ends of these two junctions are 
tied together, and since both are normally con- 
ducting, both should normally show the same 0.6 
volt drop. The same situation exists with Q108- 
Q109. 

c. In recent units the zener voltages should be 
within 5% of the value shown (within 1 volt of 
20 volts). Older amplifiers may have 18 volt 
zeners with 10% tolerance. 

3. The heavy continuous trace follows the primary sig- 
nal path through the circuit. The heavy broken 
trace shows feedback paths. 

4. Wire color codes are given for the main power sup- 
ply and for the chassis-to-board wiring. 

5. Components enclosed in dotted lines on the schem- 
atic are physically enclosed in a single case. 




